(“W | INFAD 
AJ LIOR 


1990 
Linear 
Databook 
Volume I 


~ wrt iNtan 
J ) / LINEAR 
i dj TECHNOLOGY 


1990 Linear Databook 
Volume I 


QUICK REFERENCE INDEX 


LM336-2.5 oo .cccccccccccccccssecesvecseee 3-101 LTO0B Se xescece ied Betta, 2-73 
LIM 337 ec 2iscoeccceenct eeeecceee LT1009 Series 2... 3-27 
LM337HV .. af LT1009S8 oo..ssceessccecccsseesssseeeeseees 3-31 
LM338 ou... cceeccecsecssesessseccsseeeseeeee LT1010 
LIAB5O  cscccsscc ees cct ced sestssasaseennctins LT1011 
LM385-1.2. 6 LT1012 
LM385-2.5 ....-cccccccccce ... 3-109 LFIOV2S8 icc iecsthinssceecctte, 
LM385$8-1.2 ............ 13-113 ETIOIS intended 
LH0070.... “2 LM385S8-2.5 .... 2.3113 LT1013DS8 .... 
LH2108A ove sescsseescsseeceseeeeeees LM399 .... 1 115 ETIOVA: sce ceceesiancerc ins 
LM399A .. 3-115 LT1015 
LT1016 
LT1016CS8 
LT1017 
LT1018 
LT1019 
LT1020 
LT1020CS 
LTA37AHV occ ceececssseesessssseeeeeeee 4-165 LT1021 
a LT138A....... 4-169 LT1021DCS8 .. 
LIM123 ooo cccccceccsssseessssessseeesens 4-149 LT150A ... 4177 UT 1022 iiss chcseesece stastecsescessseene 
LEM 29 ir ssectiiut deck een 3-83 LTSVIA coccccccccccscscstecescssscsseccesesese 6-85 T1024 a 2iscasdcauiiankin 
LM134 Series .. 3-87 LT317A....... 4-137 LT1026 ... 
LM136-2.5.......0... .. 3-101 LT317AHV .. 4-145 T1026 is ccissinie ins decteneecietnt 
LM137 wees: 4-157 LT318A....... 2-311 LITO 27. sscoesiisinesssccstyeves 
LM137HV oooeecccccccscecssseeesseteeeeee 4-165 LISIQAs. fo te ee ete 6-93 LT1028 ....... 
LM138 .o..cccccccsscescsssessesecsseeeen 4-169 LT323A LT1028CS... 
LM150...... 4-177 LT337A x LT1029 ....... 
LM185-1.2 voeccccssssssesssesssseeeen 3-105 CY /:\5\\ ee 4-165 LT1030....... 
LT1030CS... 
LT1031 .... 
PTHO32 8 ct sre fe a, 
1: T1083 stvccitssicenntisastecatiish 
LT1034-1.2. . 
LTIO0 isd eewecen ide ceen LT1034-2.5 oocccescsesssseee ‘94DB) 7-5 
LT1O01CS8 .....ccccccccceccccscececececcece 2-23 LT1034C0S8-1.2 00.00... ‘94DB 7-5 
Ts {117 ee en 9-95 LT1034CS8-2.5 ...... be 7-5 
LT1008 ... 4-9 LA1039:2..200eaiicannienieey 4-57 
UTAQO 4s ier Oe 3-17 R086 feelers eet 4-69 
LT1004CS8-1.2 o.oo eecccecssseeeesseee 3-25 
LT1004CS8-2.5 ooocecccceccsseeecseeee 3-25 
ET1O05 rks. idenad eases 4-17 
EETOOG 3. cccattbacethesctiee 2-41 
LT1006S8 ooo. eee eeecseeesssesseeee 2-53 
PTA OO 7 cocsc Sedesetiesien cei cee 2-57 
BTIO0 (CS isc eatin: 2-69 


Note: '92DB = LTC’s 1992 Databook Supplement and '94DB = LTC’s 1994 Databook Volume Ill. Quick Reference Index continues on inside back cover. 


QU Ic K R E FE R é Nce in DEX (Continued from inside front cover) 


LT1057 


LT1058 ... 


LT1070 
LT1071 


LT1072 ... 


LT1074 
LT1077 


LT1078 ... 


LT1079 
LT1080 
LT1081 
LT1083 


LT1084 
LT1084 


... 94DB 
aia ghes Sabepeentelaassbes *94DB 


dae daeawidpertiees ’92DB 
... 5ee LT1180A ’94DB 
... ee LT1181A 94DB 


Fixed .. 


LT10B425 occ 


LT1085 


LT1085- 
LT1085- 


LT1086 


LT1086- 


LT1102 
LT1120 


LT1130 ... 
LT1131 ... 
LT1132 ... 
LT1133 ... 
LT1134 . 
LT1135 ... 
LT1136. 
LT1137 ... 
LT1138 ... 
LT1139. 


LT1140 


LT1141 ... 


Fixed .. 
Seis 
12.0... 
Series .... 
Ore Alan 


dsMienidntinsets ’94DB 
See LT1130A '94DB 
See LT1131A 94DB 
See LT1132A '94DB 
See LT1133A '94DB 
.. See LT1134A '94DB 
See LT1135A 94DB 
.. 5ee LT1136A '94DB 
See LT1137A 94DB 
See LT1138A ’94DB 
.. See LT1139A '94DB 
... See LT1140A ’94DB 
See LT1141A '94DB 


4-232 
4-243 
2-45 
2-56 
2-56 
5-27 
5-27 
4-48 
4-61 
4-61 
4-61 
4-48 
4-61 
4-61 
4-64 
4-48 
4-61 
4-61 
4-61 
4-72 
4-72 
4-72 
4-56 


LTAV70 sa Sivenscianeave ’94DB 4-433 
LAV stagieel is ‘94DB 4-433 
LT1172 ’94DB 4-433 
LT1178 ..92DB 2-112 
LT1179 ‘Q2DB 2-112 
LT1180 ...See LT1180A 94DB 5-27 
LT1181 See LT1181A’94DB 5-27 


LT1188 oe eeeseeeee ‘92DB 4-48 
LT1280 ...See LT1280A ’94DB 5-41 
LT1281 ...See LT1281A 94DB 5-41 
ETTABT sccectensca cents 92DB 7-13 


LTS 5 24 se ei verthectiaantestuatierscceriey 
LT3525A .... 

T3526 ...... 

LT3527A .... 

LT3846 ...... 

LT B84 F ciccecsnnatidsenutieancthsnrctees 
LTCG201 .. See LTC201A’92DB 11-4 
LT C1040 oo. eeeeeceesseessteereeesnen 6-57 
UT CI 04D sissies cccch eoastecdhetannccness 6-69 
LTC 1042 sccisentionvincoitien 6-77 
LT C1048: cscs estos asians 11-15 
LTC104368 oes 11-31 
LT C1044 oo cee ceseesteeeeeeeneanee 5-9 
LTC10440S8 oo. 5-21 
LT G1045 wisisictsivitrasetnteae 10-27 
LTC1049..... si 2-299 
LT G1 O50 ir. ccsrcctitictveenssasscenveonass 2-181 
LTC1051 ..... i 2-306 
ETC 1OS 2c crsttattreiaasieeinss 2-197 
LTC1052C8 ooo. eeseeeteseesees 2-217 
LTC1059 


LTC105908 wee 7-11 
LTC1060 cs cssiiscuisianeicers 7-15 


LT C106 4-1 oo eeeeoeeseveecees 
LTC1064-2 00. 

LTC1064-3 oo. 

LTC1064-4.... is 
LTC1090 o.oo eceeeeatenteseeseeees 
LTC1091 
LTC1092.... 
LTC1093 
LTC1094 
LTC1095 .... 
LTC1099 
LTC1100 
LTC1150.... 
LTC1290 
LTC1291 
LTC1292.... 
LTC1293 
LTC1294 
LTC7652.... 
LTC7660 
LTKOOA vescccetsssencesetsesieessutseeesetens 


Note: '92DB = LTC’s 1992 Databook Supplement and ‘940B = LTC’s 1994 Databook Volume III. 


pe 


EXCLUSIVELY COMMITTED TO LINEAR 


The founding theme of Linear Technology Corporation was to create a company capable of leading 
and directing linear circuit technology and design concepts of the future, and thus become the 
market's linear specialist. The company believes that the total IC business has become so diverse 
and so complex that a single company will have great difficulty assembling the engineering talent 
necessary to lead in all areas of device technology. 


Today, the customer base benefits by accessing the best product available in each functional area 
of the IC market from those vendors who are at the leading edge of performance and technology as a 
result of their “focused” strategy approach. The customer now has the choice of acquiring the best 
linear, the best microprocessor, the best memory products, etc., by choosing the best vendor in each 
area. In order to achieve the goal of becoming the market's first choice in the linear area, LTC has 
assembled the leading design, test, product, assembly, quality and process engineering talent in the 
industry, operating in what we feel is the most modern linear integrated circuit facility in production 
today. 


Linear Technology possesses a wide variety of bipolar processes including Super Beta, Bifet, low 
noise, high speed, thin film resistors, sinkers, sub-surface Zeners, and more. The company also has 
in production several very modern silicon-gate CMOS processes, LTCMOS™, which are specifically 
tailored to satisfy the special needs of linear IC functions. 


Linear Technology is committed to servicing the demanding requirements of the Military/Aerospace 
marketplace. Our 883 DESC Drawing and MIL Drawing programs are designed to consistently 
provide off-the-shelf high performance linear integrated circuits tested to the requirements of MIL- 
S$TD-883 Class B, and fully compliant to Revision C. Our documentation, designs, procedures, and 
facilities have been carefully established to meet the rigid requirements of MIL-STD-38510 level 
devices. The company’s facility is JAN approved for both B level and S level products and numerous 
JAN QPL types are currently being supplied by Linear Technology, along with a wide variety of MIL- 
STD-883C and standard military drawing (SMD) products. In addition, LTC is committed to 
supporting the rigorous demands of ‘S’ level source control drawings to service hi-rel and space 
applications. All military-grade products are 100% tested at temperature extremes. ‘Both 
commercial and military outgoing quality levels are sampled over temperature with full lot 
traceability back to the original wafer from which the device was derived. Presently Linear 
Technology can boast that its products are used by all of the top 25 largest military contractors in 
the U.S. 


On the commercial side of the business, the company's proprietary products are currently being 
used by leading manufacturers of automobiles, computers, instruments, cameras, telecommunica- 
tion systems and in many other areas. The company prides itself in doing business with the major 
manufacturers and leaders in each of these market segments. 


This catalog contains products that already enjoy very wide acceptance status in new and existing 
end products. 


In addition to the commitment to provide better technical solutions, we also commit to our 
customers that we will strive to make quality and reliability a reason to buy from Linear Technology. 
Our products address the instrumentation, industrial, data acquisition, peripheral, interface, and 
military markets with solutions to linear systems application problems. 
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Note: The 1990 Databook is the first volume in our series of databooks. Since its creation some of the products have had some 
changes made to the data sheets due to additional package types such as surface mount, extended temperature ranges and 
parametric changes. We have cross referenced these products to the current revised data sheet contained in the 1992 and the 1994 
Databooks. 


“LY, LTC and LT are registered trademarks of Linear Technology Corporation. 


LIFE SUPPORT POLICY 


LINEAR’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT 
THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF LINEAR TECHNOLOGY CORPORATION. As used herein: 


a. Life support devices or systems are devices or systems which (1) are intended for surgical implant into the body, or (2) support or sustain 
life and whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably 
expected to result in a significant injury to the user. 


b. Acritical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the 
failure of the life support device or system or to affect its safety or effectiveness. 


Information furnished herein by Linear Technology Corporation is believed to be accurate and reliable. However, no responsibility is assumed 


for its use. Linear Technology Corporation makes no representation that the interconnection ofits circuits, as described herein, will not infringe 
on existing patent rights. 


Linear Technology Corporation * 1630 McCarthy Blvd. ¢ Milpitas, CA 95035 « (408) 432-1900 © Linear Technology Corporation 1989 Printed in USA 
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| SECTION 13—NEW PRODUCTS 
VINDEN eos sco hoes ac ag atone ee ssutsots cas teacen hs sastotsd cots ova baed acta ibe aie askanahvivsce le LAD Gated bra snevede ean easebeesivrecspeavanivasased sassseeldbocs 13-2 
PROPRIETARY PRODUCTS 
LTC201, Quad CMOS SPST Low Charge Injection Analog SWitCh ........c.::cssesessesreeeses RefertoLTC201A ‘92DB 11-4 
LT1015, High Speed Dual Line Receiver ’92DB_=—s.10-4 
LT1027, Precision 5V RELEFENCE .......sccsscescessessssescessessssessesecstssesrsarsasseeseeees ... 92DB 7-6 
LTC1049, Low Power Chopper Stabilized Op Amp with Internal Capacitor .. 92DB 2-299 
£701051, Dual Precision Chopper Stabilized Op Amp with Internal Capacitors ’92DB 2-306 
LTC1064-2, Low Noise, High Frequency 8th Order Butterworth Lowpass Filter *92DB 8-5 
L7C1064-3, Low Noise, High Frequency 8th Order Linear Phase Lowpass Filter... .. 92DB 8-13 
LTC1064-4, Low Noise, 8th Order, Clock Sweepable Cauer POWpase FUNG co cccsts notes ai ai Bedactaaivieieds 92DB_—s8-2.1 


LT1074, Switching R@QUIALOF .......c..ccccccsccessessssssssesssssssssssselessssesscsssssssssscesssensscscessssavessseasersercsssasatsessssusseavasss ’94DB 4-243 
111077, Micropower, Single Supply, Precision Op Amp .. 92DB 2-45 


LT1087, Adjustable Low Dropout Regulator with Kelvin-Sense Inputs ‘92DB = 4-56 
LTC1100, Precision, Single Supply, Instrumentation Amplifier (Fixed Gain = 100) ........csccscecsessessesssessesereeees 92DB 3-4 
LT1101, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = 10 or 100) ... 92DB 3-11 
LT1102, High Speed, Precision, JFET input instrumentation Amplifier (Fixed Gain = 10 oF 100)... ‘92DB = 3-28 
LTC1150, +15V Chopper Stabilized Op Amp with Internal ee Wiiecatcshetattess teztesrs estas tinea dsl os 92DB 2-321 
£71188, 1.5A High Side Switch ... . Hinndehacaae .. 92DB 4-48 
LTC1290, Single Chip 12-Bit Data ‘Acquisition System . eines .. 92DB ‘6-67 
L701291, 1-Channel, 12-Bit Serial /O Data Acquisition System..... .. 94DB 6-163 
LTC1292, 2-Channel, 12-Bit Serial /O Data Acquisition System... .. 94DB 6-182 
LTC€1293, 6-Channel, 12-Bit Serial I/O Data Acquisition System..... .. 92DB_ 6-113 
LTC1294, 8-Channel, 12-Bit Serial I/O Data Acquisition System .u........:sc...000 ae .. 92DB 6-113 
LT1431, Programmable Reference .........csccscescsccssessssseseesvesssssseesessesscssssessecsesnesecssanssussteavanssvavsatsnsenssvensansecases ‘92DB_)—s 7-13 
SECTION 14—PACKAGE DIMENSIONS 
DINDEX is sc eevee nec cencenc shui dhuets coy ceueatiectasuat sevaeanscspseieo wie laacatia Stor eased athens Bocce ean ea ee ok eaten 14-2 
Package Cross Reference 14-3 
Package: Dimensions ce.sc.:.vccvecesdessseveuesstcvsaasavcsensconteubtelasuvivsecasiseandivseyeabtsui saveddieaitisaadeensdevtavaloseneeesesdelaeevecaséesatie 14-5 
SECTION 15—APPENDICES 
INDEX 5 .cfccscovesstoaatsonctait eet A ait latescss sateen atm ennee . 94DB 15-2 
Introduction to Quality and Reliability Assurance Programs .. ...94DB 15-3 
Reliability Assurance Program ...........cccccssssesseesessesseeseesseeees ..94DB 15-4 


Quality Assurance Program uo... c.ceecescseessessscsesssessssesseesessesseesvess 
RPlOW2 i ascccacdedicassscteasvetisness cae dicescauiteagacdabucsiediszauseds ub nbasceusvenctctides 
ESD Protection Program 
Surface Mount Products 
Surface Mount Parts List 


Note: '92DB = LTC’s 1992 Databook Supplement and ’94DB = LTC’s 1994 Databook Volume III. 
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Extended Temperature Range-200°C Products ......c....ccessecesessessssssssesereee 
JM38510/10104BCA, LM108AJ Super Gain Op Amp .... 
JM38510/10104BGA, LM108AH Super Gain Op AMP .u.....ccceseesssssessesssessscssscessesssssecensesesseesscsussussrsestesscsesssesseasesvesatesvenees 
JM38510/10104BGC, LM108AH Super Gain Op AMP .........ccccesesessssseessssssssssesessssesssescsstsessecstsesscsassscssssrsseesssassesaeeneseaeesaes 
JM38510/10104BPA, LM108AJ8 Super Gain Op Amp ...... 
JM38510/10106BEA, LH2108AD Super Gain Op Amp....... 
JM38510/10107BGA, LM118H High Slew Rate Op Amp 
JM38510/10107BGC, LM118H High Slew Rate Op Amp 
JM38510/10107BPA, LM118J8 High Slew Rate Op AMD oc sescssessessessessessessesssssssssessecsecsseaseasessessussvenssssessesseareasensss 
JM38510/11401BGA, LF155H High Performance JFET Input Op Amp 
JM38510/11401BGC, LF155H High Performance JFET Input Op Amp 
JM38510/11401BPA, LF155J8 High Performance JFET Input Op Amp 
JM38510/11402BGA, LF156H High Speed JFET Input Op AMP... ccesessesssseseesesseseessssnssesssessstesssecseesssnceseevesttecsseseesessees 
JM38510/11402BGC, LF156H High Speed JFET Input Op AMP...........ccccessesssssssssssessecsesssessecseessessessectecseconeeseeseesseaseeseesans 
JM38510/11402BPA, LF156J8 High Speed JFET Input Op Amp 
JM38510/11404BGA, LF155AH High Performance JFET Input Op AMP .........c..ecsecssssesseesessscecsesscsnssccesssssessrsseesesessseneeeernes 2-271 
JM38510/11404BGC, LF155AH High Performance JFET Input OP AMD ..............ccscsssseessssssesseseessssssecsesssssssneeseesenssneseeneease 2-271 
JM38510/11405BGA, LF156AH High Speed JFET Input Op Amp 
JM38510/11405BGC, LF156AH High Speed JFET Input Op Amp 
JM38510/11405BPA, LF156AJ8 High Speed JFET Input Op Amp 
JM38510/11703BXA, LM117H Adjustable Positive Voltage Regulator 
JM38510/11703BXC, LM117H Adjustable Positive Voltage Regulator 
JM38510/11704BYA, LM117K Adjustable Positive Voltage Regulator 
JM38510/11706BYA, LM138K Adjustable Positive Voltage Regulator 
JM38510/11803BXA, LM137H Adjustable Negative Voltage Regulator 


JM38510/11803BXC, LIM137H Adjustable Negative Voltage Regulator ...............ccescsessecssesessssestesceseessseseessetieatenseeenseentens 4-157 
JM38510/11804BYA, LM137K Adjustable Negative Voltage Regulator ...............scccsecssssssseecsesstssrscsssessssenseseeeseseseeteaneersensess 4-157 
JM38510/12501BGA, LF198H Sample and Hold Amplifier 00.0... cccsssesssssesseceesecssecstesssecsesetsansacseeseessesesessateacsuesteaeencass 9-97 
JM38510/12501BGC, LF198H Sample and Hold Amplifier ..............ccccccccssssssecsesessesssesesseesssssesssssesssssseseusnsassseeseesseetseseentes 9-97 


JM38510/13501BGA, OPO7AH Precision Op Amp 
JM38510/13501BGC, OPO7AH Precision Op Amp 
JM38510/13501 BPA, OPO7AU8 Precision OP AMP.......ccsscsecssessessecssessessesssessssscsseeseesrestscseesessessecsscssessessecsenssersessnsanenseanscses 2-329 
JM38510/13502BGA, OPO7H Precision Op Amp 
JM38510/13502BGC, OPO7H Precision Op Amp 
JM38510/13502BPA, OP07J8 Precision Op Amp 
JM38510/13503BGA, OP27AH Low Noise, Precision Op Amp 
JM38510/13503BGC, OP27AH Low NOise, Precision Op Amp 
JM38510/13503BPA, OP27AJ8 Low Noise, Precision Op ae = 
LF155, JFET Input Op Amp, Low Supply Current... sescscsceesesssseesssesserseesserssessensesersersessenssessseseonsnesssseseueseevaessaveeeevas 
LF155A, JFET Input Op Amp, Low Supply Current oo. ccessesecseeessseseecseeesseecseessnssnsesssscerssesessceesassrestenetesssereearseneens 
LF156, JFET input Op Amp, High Speed.................... 

LF156A, JFET Input Op Amp, High Speed.................. 

LF198, Precision Sampie and Hold Amplifier eh 
LF198A, Precision Sample and Hold Amplifier... seessssessessssassssstessscssnessssvenssnessessssessessesssasaeeseseaseqseqaeeseneqneasestnneenes 
LF355, JFET Input Op Amp, Low Supply Current ..............cesssssecsscesssesecessessecsssssessteseessaeseesecassecseeseestsessecueseesoesneasenseneneane 


Note: '92DB = LTC’s 1992 Databook Supplement and '94DB = LTC’s 1994 Databook Volume III. 
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LF355A, JFET Input Op Amp, Low Supply Current 
LF356, JFET Input Op Amp, High Speed ..... 
LF356A, JFET Input Op Amp, High Speed ... 
LF398, Precision Sample and Hold Amplifier... 
LF398A, Precision Sample and Hold Amplifier .............s:-sssssessssees 
LF398S8, Precision Sample and Hold Amplifier..... 
LF412C, Dual Precision JFET Input Op Amp ........-..-+:ssssssssessssssseseceeesansneessesseensennnnnnsessetees 
LF412M, Dual Precision JFET Input Op Amp .........:---ssssssseeeecsessseensnnnnnasesensssssstttsenecernee 
LF412AC, Dual Precision JFET Input Op AMP ..........-sssssssesseseon 
LF412AM, Dual Precision JFET Input Op AMD ..........ss::+e00 
LH0070-0, 10V, 3-Lead Trimmed Reference 
LHO070-1, 10V, 3-Lead Trimmed Reference 
LH0070-2, 10V, 3-Lead Trimmed Reference 
LH2108, Dual Super Beta Op AMP ........c-scececesssseeteeeens 
LH2108A, Dual Super Beta Op AMD.............-::scessseeseeseeees 
LM10, Low Power Op Amp and Reference ....... 
LM10B, Low Power Op Amp and Reference 
LM10BL, Low Power Op Amp and Reference .............-sssssssssscssscessssrssssennersnnnseees 
LM10C, Low Power Op Amp and Reference ............. 
LM10CL, Low Power Op Amp and Reference ............... 
LM101A, Uncompensated General Purpose Op Amp... 
LM107, Compensated General Purpose Op Amp .........--s--ssssssseessseetesseseeentees 
LM108, Super Gain Op AMP .......ssssssccccccesesseesseessessneetsersennssenennerecsontsssennnnasnats 
LM108A, Super Gain Op AMD ..........---:eeeeseees 
LM111, Voltage Comparator .............. essere 
LM117, Positive Adjustable Regulator ...............-..-ss++ 
LM117HV, High Voltage Positive Adjustable Regulator ..............-ssssssee 
LM118, High Slew Rate Op AM ...........-cssecoeesssssssesssnessenesseasennnecennenetseatenes 
LM119, Dual Comparator ........... cece 
LM123, 5 Volt, 3 Amp Regulator ................+ 
LM129A, 6.9 Volt Precision Voltage Reference... 
LM129B, 6.9 Volt Precision Voltage Reference .............--sessssssesesenees 
LM129C, 6.9 Volt Precision Voltage Reference ............---sssssessseeeeeeeers 
LM134, Constant Current Source and Temperature Sensor ... 
LM136, 2.5 Volt Voltage Reference ..........ssccsssessssecssssesssssnsessessnnessentsnnecennnnssessnssanssecnnsasasersennanneegtess 
LM136A, 2.5 Volt Voltage Reference 
LM137, Negative Adjustable Regulator .............--sssscssssssssseneees 
LM137HV, High Voltage Negative Adjustable Regulator ......... 
LM138, 5 Amp Positive Adjustable Regulator 
LM150, 3 Amp Positive Adjustable Regulator 
LM185-1.2, Micropower Voltage Reference .............csscssesssessssescsnssesneessecsnnesssensssetssassseneesneessnees 
LM185-2.5, Micropower Voltage Reference .. 
LM199, Precision Reference ............cceeeee 
LM199A, Precision Reference..........-....cssssssesscsssseescsssnseesssessnessessssseecessnassensesnnacsecssanassensanasantsnnnnsacennensssensaasssentegsets : 
LM234, Constant Current Source and Temperature Sensor ...........ssssssssssssssssenensessessecseesssnssnessnsnnannananartassscianestessensseeenseet 3-87 


Note: S208 = LTC’s 1992 Oatabook Supplement and 9408 = LTC’s 1994 Databook Volume lil. 
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LM301A, Uncompensated General Purpose Op AMP........csccsesccsssccssesccssessseecsersessevsseetsscessevesssucssssssssecsstessssuessetsssnesrenseserenss 2-297 
LM307, Compensated General Purpose Op AMP ........c:sssesssescscsssesssecsssscsecesesssecssesssessavssnessanscusssuetssecsurssucssutsaneesuessvessessseeees 2-297 
LM308, Super Gain Op AMP csssccacccsscsccuscssovssessccsvecseosssssusssessessvastvessbessssuesssaveasesnecestsuecavsossavsnsctecsui#tcsassnudevevaviasddeeceesseseetecces 2-303 
LM308A, Super Gain Op AMP .....ccecccccsscesscccsssseesesecssccesassnessssrssssssssecessusasssesscsvesessrsscsassusssssvaysarsessucsrssvsaversesseasaveavareancess 2-303 


LM311A, Voltage Comparator... ccccscsessssssecseessscstessessssssesssssssusssetsscssvsassavscussatssecsvesessavearsavseensesssessssesseceusseeeeetsnesstesveanens 6-85 
LM317, Positive Adjustable Regulator .......0..0...ccccee wee 40137 
LM317HV, High Voltage Positive Adjustable Regulator .............ccscccsessesesseesseessesseees 

LM318, High Slew Rate Op Amp ae 
LM318S8, High Speed Op AMP uu... ccssecsseccsesssesssssssesssessessssessscsssssssessecsnsssusssuessuessstssesssvcsssssuuessessesssscesessavessueceeseareeevenseees 
LM319,- Dual: Comparator is... sccscceshndyavecdaidiautaceestivelbbonnaatiuayladriaaiaridivtiea iia Rashi nurse ano aliaceebennsss 
LM323, 5 Volt, 3 Amp Regulator .........ccescecessscseccssssstesssvsnsetsssssesscstssecssesssatseessassaneseesesseeetsenscsssseessescsusscsasseneasaptontsensseensens 
LM329A, 6.9V Precision Voltage Reference 
LM329B, 6.9V Precision Voltage Reference 
LM329C, 6.9V Precision Voltage Reference 
LM329D, 6.9V Precision Voltage Reference 


LM334, Constant Current Source and Temperature SENSOM oo... ccc cececscseccesesssscscsecssnscesecstsssscavecsesstsesarasecateesscssareees 3-87 
LM334S8, Constant Current Source and Temperature SENSO? ...........c.ccccccsecsssscssessesessesscsscsssecssenecsececsasseesassnssetieereeessesereees 3-99 
LM336-2.5, 2.5 Volt Reference .......4:scuivsseesssecssctesecasscssceceasesseseceeseonsbetiavesosssaesensceessedvessoeivoastassusesottuauisvensefseevevesvaveshipeyieense 3-101 
LM336B):2:5 Volt-Reterence ess. siiisscessaissveseccscccsnasativsestesdacchubeditsviveielchcbeesnastosa das stasidhelesspterseidtoniuieyaasua tia ahsensadnebursavades 3-101 
LM337, Negative Adjustable Regulator ...................0+ 

LM337HV, High Voltage Negative Adjustable Regulator .. 

LM338, 5 Amp Positive Adjustable Regulator.............. aes 
LM350, 3 Amp Positive Adjustable Regulator.............:cssssssssssssssssesssssesssescsecsessesusssseessecseenesssacsussesstareesseuesesassaesseutaseeansetises 
LM385-1.2, Micropower Voltage Reference .........c.ccsessecssssssssecseesecesstssessssscssssssssssssesseesecsesssessesssssueseesssssssessveneertetscsersees 
LM385-2.5, Micropower Voltage Reference ooo... es esessssesseseessesssscsssssssessesseesseessessesrssssseesssseesesassusstssssusencanertensessaatiease 
LM385S8-1.2, Micropower Voltage Reference ...........c.cccccssceesessessssessessesssscscssassansseeseesetassessecnsaeteotsesueesssesssenseacteessensensaess 
LM385S8-2.5, Micropower Voltage Reference ...........cccecsssessessesscsscstscessessesuscsssesseenecscsteasessarssessesesecatanesnsnasseeseeteeesaeeoeanss 
LM399, Precision Reference ..:s..cssvicscecccesstsescccccvcousavavsesssesescdasssesensscostisaavssesescisediovondsvacivietseuss¥ canciseusdens vd ecscddeassedaeverecésetbrs 
LM399A, Precision Reference... 

LT111A, High Performance Voltage Comparator 

LT117A, Positive Adjustable Regulator ................ccce we 
LT117AHV, High Voltage Positive Adjustable ReQuiator oo... tecsssssecssessessetseseesmeteacsacsenmesnseesessienseneensenssesseensesnees 4-145 
LT118A, High Slew Rate Op AMP ou... ccccessscessssssssscsestsscsssessessssssescssssussssesesssscsusatsnsnesecasssaseacaeanticsecessesssatasenssesteateteteeraes 2-311 
LT119A, High Speed Dual Comparator... ccceccsesessssssessssssesvsssseceseesssssesusssscssssesesesecsusseesesseeveseceecsseessssnesseatansaeneeseeessess 6-93 
LT123A, 5 Volt, 3 Amp Regulator ........cccccsssessescssssssssecssstesecssssssesseessetsseseesssessnesssssesecussatsneucdassnsaueeedursecsuensaesancassnennensaasenses 4-149 
LT137A, Negative Adjustable Regulator .................08 4-157 
LT137AHV, High Voltage Negative Adjustable Regulator . 4-165 
LT138A, 5 Amp Positive Adjustable Regulator............. we 4-169 
LT150A, 3 Amp Positive Adjustable Regulator ..............c.cccccecccescccssesesesssesesescecacecensseeeeceeevsceeseeeseensesesseaeaeeceteaceasteneeaeenenenss 4-177 
LT311A, High Performance Voltage Comparator ooo... ccseessseseetsceseetseesssesessenseesseereesvrns Seared hat eboltehtd Auta 6-85 
LT317A, Positive Adjustable Regulator oo... ce ceestesesesecsesceseessssessecetssenssesentnssemseansersnsantaneanoneasserieeeatsenerieersecstes 4-137 
LT317AHV, High Voltage Positive Adjustable Regulator... cesceestessesseseesastscseesssseassnrsesseesessesseassesasenasentnententeees 4-145 
LT318A, High Slew Rate Op AMP ......... cs eseseseeeeens 

LT319A, High Speed Dual Comparator : 

LIS2Z3A,-5. Volt; 3 AMP Regulator aiiscicicrssssdteceaiaweraveavenisie cn dobvana ada tenlinic dhe latawaaniegnt 


Note: '92D8 = LTC’s 1992 Databook Supplement and '94DB = LTC’s 1994 Databook Volume Ill. 
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LT337A, Negative Adjustable Regulator ...........ssssssscssssessssssssessseseunssnsntesssninnensssesnnsnss settee es 
LT337AHV, High Voltage Negative Adjustable ReQutator ......sccccecsssssesssesesssseeeeeeerenssssonneeenneennnnnaseeanengnanannnanecesrgssanseesee 
LT338A, 5Amp Positve Adjustable ReQUuIatOr .......ssesssssssecsseeseeeesessnennnesenennsnesens 
LT350A, 3 Amp Positive Adjustable Regulator-..............-.....-. 
LT580u, Precision 2.5V 3 Terminal Reference ............-.-.-+-- 
LT580K, Precision 2.5V 3 Terminal Reference .. 
LT580L, Precision 2.5V 3 Terminal Reference ..........---sssscccessesessesssssessereseeesersessnssees 
LT580M, Precision 2.5V 3 Terminal Reference .........----:--scessscsesssseseecennesstresssnssterts 
LT5808, Precision 2.5V 3 Terminal Reference 
LT580T, Precision 2.5V 3 Terminal Reference 
LTS580U, Precision 2.5V 3 Terminal Reference 
LT581J, Precision 10V 3 Terminal Reference .........-ssssssesssssseecseseeceessnesee 
LT581K, Precision 10V 3 Terminal Reference 
LT581S, Precision 10V 3 Terminal Reference 
LT581T, Precision 10V 3 Terminal Reference 
LT581U, Precision 10V 3 Terminal Reference 
LTGBSC, High Speed Comparator ..........ccsssescsssssessersnneseecennsesssnsessssennnnsess 
LT685M, High Speed Comparator ... 
LT1001AC, Precision Op Amp ...........:e 
LT1001AM, Precision Op Amp............. 
LT1001C, Precision Op Amp......... 
LT1001CS8, Precision Op Amp ... 
LT1001M, Precision Op AMP .......-sssssssssssesseessssseneessneeeeneeeaiecesenssnensnes 
LT1002AC, Dual, Matched Precision Op Amp..... 
LT1002AM, Dual, Matched Precision Op Amp .... 
LT1002C, Dual, Matched Precision Op Amp ....... 
LT1002M, Dual, Matched Precision Op Amp .......-..---csercseesssseeseesrsees 
LT1003C, 5 Volt, 5 Amp Voltage Regulator ..........sscsseeccsnsssssersstsees 
LT1003M, 5 Volt, 5 Amp Voltage Regulator... 
LT1004C, Micropower Voltage Reference........... 
LT1004CS8-1.2, Micropower Voltage Reference ... 
LT1004CS8-2.5, Micropower Voltage Reference 
LT1Q04M, Micropower Voltage Reference ..........csesssecsesnerstsserssennses 
LT1005C, Logic Controlled Regulator............ 
LT1005M, Logic Controlled Regulator ............-cccsssvssssssseecsseesnnnnessesssssnnesenssensgennanrntte 
LT1006AC, Precision, Single Supply Op Amp... 
LT1006AM, Precision, Single Supply Op Amp 
LT1006C, Precision, Single Supply Op AMP ............++--ss 
LT1006M, Precision, Single Supply Op Amp ..... 
LT1006S8, Precision, Single Supply Op Amp 
LT1007AC, Low Noise, High Speed Precision Op Amp 
LT1007AM, Low Noise, High Speed Precision Op Amp .... 
LT1007C, Low Noise, High Speed Precision Op AMD .neesccescssesessseesseessnterenseernsesentesseeeenseentestansetees 
LT1007CS, Low Noise, High Speed Precision Op Amp..... 
LT1007M, Low Noise, High Speed Precision Op Amp 


Note: ‘92DB = LTC’s 1992 Databook Supplement and ’94DB = LTC’s 1994 Databook Volume III. 
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LT1008C, Picoamp Input Current, Microvolt Offset Low Noise Op AMP ...........-+.0++. 
LT1008M, Picoamp Input Current, Microvolt Offset Low Noise Op Amp... 
LT1009C, 2.5 Volt Reference .........cccscecssssscsssesssesscsscsssssssvecssvecssvessssessrssssssscssverssesssaveasaessssusersesssecessessasees 
LT1O09M, 2.5 Volt Reference .........cscceccscsssssssccssesssessseessesssecssesenssssesssscessessuessussssssssssaversvesseseressseatucarseasees 
LT1009S8, 2.5 Volt Reference 


LT1010M, Fast 150mA Power Buffer .. 
LT1011AC, Voltage Comparator ........... 
LT1011AM, Voltage Comparator... 
LT1011€, Voltage Comparator... seccccecscccsesssessseesseesseesssecsessaneeeeens 

LT1011M, Voltage Comparator... eecsssessssesseessseseessessstesseeseessiens 

LT1012AC, Picoamp Input Current, Microvolt Offset Low Noise Op AMP ......ccscccsscsscssesssscssesseccetecerscescsucessesserssuessecssecnsees 
LT1012AM, Picoamp Input Current, Microvalt Offset Low Noise Op AMP vu... .ccscccsssecccecssscssscsssccsssssseessessseessuesseessessserseees 
LT1012C, Picoamp Input Current, Microvolt Offset Low Noise Op AMP uu.....ccsccsssecssseesssesesseccsessstscesssucasseceurecuressessveanees 
LT1012M, Picoamp Input Current, Microvolt Offset Low Noise Op Amp 
LT1012S8, Picoamp Input Current, Microvolt Offset Low Noise Op Amp 
LT1013AC, Dual Precision Operational Amplifier ...........cccccseseesseeees 
LT1013AM, Dual Precision Operational Amplifier .... a 
LT1013C, Dual Precision Operational AMPlifier 0... cscs ccessesssessessscscsersssseesesssessecsessseecsserscessassassecressecsseeretees 
LT1013D, Dual Precision Operational AMmplifiet ..............cccccesseccsessesscsssessesscssessessssssacsessessessessesasesseansenvensecnensvens 
LT1013M, Dual Precision Operational AMplifier ............c..-ccccccsscestecsecssecssscsseessecssessvssssecssecsvssssessesevessuarsessetesssens 
LT1013DS8, Dual Precision Operational Amplifier ...........:.sc:scssesseesecssssssscssessessessessssavsscssvessessscseesseasessventeavesstens 
LT1014AC, Quad Precision Operational Amplifier wu 
LT1014AM, Quad Precision Operational AMPplifier ...........c.ccccscsececsssccsssssessesscsssetsseserscssessesersesavsunsevsreassseaeeese 
LT1014€, Quad Precision Operational Amplifier .............cccscccesccsssescesssesssscsscesestsstssesscssessesesssessvessesseseecseeseraseantens 
LT1014D, Quad Precision Operational Amplifier ............ccsccssecsecssecsesssscsessesseeseessessessesassesssstssessesaessrsetentereearensvess 
LT1014M, Quad Precision Operational Amplifier ..........cccscccccscsescsessessessssessestssesssscssssesssssrsacsassnsstsacsessvensenseneenes 
LT1015C, High Speed Dual Line Receiver ............cccsecssesescsssssssessssccscsssscceesstsssscsscsaeseersutsscsrssrsatsetsevaneststsaesterseas 
LT1015M, High Speed Dual Line Receiver ..........c.cccccescesesssssscsssseseessscssssescssscesscessessvasstsecesecassssusecsesscavecsucantesevee 
LT1016C, Ultra Fast Precision Comparator .... 
LT1016M, Ultra Fast Precision Comparator oo... ccsccssesssescscseereeseeesenes 
LT1016CS8, Ultra Fast Precision Comparator........... 
LT1017C, Micropower Dual Comparator ........ccccccccsssssscccsssssssesssssssessesssessssassessessessvsrssesstssvsessessesstsecsesseseesnenvesees 
LT1017M, Micropower Dual Comparator ........c.ccecccssssssessesscsesseesessssessvsersassecsesvsatsscscesssatsscssssscasseesasieassessestessens 
LT1018C, Micropower Dual Comparator .........:.cescessssssessssssssssssseseessecsucesssasssssnsseesseasessescsceseessssntsnssneaseesessuseastes 
LT1018M, Micropower Dual Comparator..........c.cccccsscscsesssssssscsesseesesessvsssesssersesscesssgesusassessseessecsscsetsecsvesnsecsssensees 
LT1019AC,Precision Reference 
LT1019AM,Precision Reference 
LT1019C,Precision Reference......... ek 
CTIOIOM Precision: Reference: sc.cszissecssssersascdesesesexauevessdsevass vveeoucdedesanetiyenssieutage sbersazedtigaunibinelacsciibaneeh Wueay Casiguatactannsoyetenees 
LT1020C, Micropower Regulator and Comparator 
LT1020M, Micropower Regulator and Comparator 
LT1020CS, Micropower Regulator and Comparator 
LT1021BC, Precision Reference .............ccceseeeeee 
LT1021BM, Precision Reference ............scessessessessesesssccsessessecsessssertssssssscsseaseesvsarsssessscassessaseaseeseesseeseees 


Note: ’92DB = LTC’s 1992 Databook Supplement and '94DB = LTC’s 1994 Databook Volume Ili. 
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LT1021CC, Precision Reference ..........-:sssssseceeeeesssiees 

LT1021CM, Precision Reference.......... 

LT1021DC, Precision Reference .......... 

LT1021DM, Precision Reference ...........ssssssssssescessssssssseseseecsssnnnanesscatssnnnasasasrecnnnnnnscsseensgstsy 

LT1021DCS8, Precision Reference .........:.sccssessecreerestteeeeneets 

LT1022AC, High Speed, Precision JFET Input Op Amp............+ 

LT1022AM, High Speed, Precision JFET Input Op Amp 

LT1022C, High Speed, Precision JFET Input Op AMP .......ssssssssseseesceeeeeeteetsesennees 

LT1022M, High Speed, Precision JFET Input Op AIM vescesseseesrsstssesneseeseenseneeresneseees 

LT1024AC, Dual, Matched Picoampere, Microvolt Input, Low Noise Op AMP .......cessssessseseessesssneessesssrssneersntessnsersneersaseennes 2-153 
LT1024AM, Dual, Matched Picoampere, Microvolt Input, Low Noise Op AMP .....scssesessssessssseessnsecrsstseessneessnnensnnnnesssancestecs 2-153 
LT1024C, Dual, Matched Picoampere, Microvolt Input, Low Noise Op AMP .....sessssessssssseesstecssssccatessseessneeessersanenenaccensentys 2-153 
LT1024M, Dual, Matched Picoampere, Microvolt Input, Low Noise OP AMP ....sssessesssssvssssssesseesssnsnsecreessteesssesserensnnnaasasets 2-153 
LT1025AC, Micropower Thermocouple Cold Junction Compensator ........sssssss-vsssesssannentsrseisesse te nennnee ester gg eee 11-7 
1T1025AM, Micropower Thermocouple Cold Junction Compensator ..........sssssecccsssecscseecssssessssnerersnsessanessssssenssnseennarerennetse: 1-7 
LT1025C, Micropower Thermocouple Cold Junction GOMpPENSALOL 0... eessseessssecsseessneecntesseseesnensaneatantennes wee 11-7 
LT1025M, Micropower Thermocouple Cold Junction COMPOMSARON ..seseesscsesesessssssssescesssesssesssnereccessineeenssansennannnserenssnsseennnness 11-7 
LT1026C, Voltage Converter ....sesse-sssssssssssessssssesessnnssteessnsssannesenansatnnecnnnnseeessisnennnsgnsenneetennnneererss seen eee eee ee 5-3 
LT1026M, Voltage Converter .......ssssscssssssssesssesssessnsssseenranssoesenerussnsnceceansnerenvasanonesnguaannaresnnangnesnssqesneenessgceeeess eee eee4 5-3 
LT1027BC, Precision 5V Reference ............ssssccsscessssnssssssssssnnssssssssenseecsessacensenssssssssanavesssganscnsesseeeeeessseesteseee esr: 7-6 
LT1027BM, Precision 5V Reference ..............sssssscseecesser er essesssnesnevsstannnnnneretsotenneansnnnanngnenennen genset see 7-6 
LT1027GC, Precision 5V Reference .............ssssssssseescessenmnsasmnennnnneanssssssssssssnsnansannnenerene ser aeeeeeeeee setae rgsgn7 7-6 
LT1027CM, Precision 5V Reference ...........-.::ssscsseesessessessssesssssnsssssnnnnnenstanessencanrennnnnnnnnnneeeeseggeesneseese 20 00 t 7-6 
LT1028AC, Ultra-Low Noise Precision High Speed Op AMP .......s..scsseceesesteetscsseseceseseesenenerritetncrerccrnrensaennanannnnnet 2-12 
LT1028AM, Ultra-Low Noise Precision High Speed Op AMp ............---sseceeeesesessssssssesnassnsserstssertsceecannstennannennresirs ‘Q4D0B 2-12 
LT1028C, Ultra-Low Noise Precision High Speed Op AID wocssstesseeessesssssesssseesnneseneessuteeseennsseesssennasetenses . '94DB 2-12 
LT1028M, Ultra-Low Noise Precision High Speed Op AMMp .........ssssscereesssssseeessnssnsnnennnssnnsctaseriereresensnennstans . 94DB 2-12 
LT1O29AC, 5 Volt Bandgap Reference ........-ssssssecsesesssessssseneerntssaenssenss 

LT1029AM, 5 Volt Bandgap Reference ........ssessesecssesesessntennieesatseseensnees 

LT1029C, 5 Volt Bandgap Reference ........... 

LT1029M, 5 Volt Bandgap Reference ................5 


LT1030C, Quad Low Power Line Driver....... 

LT1030M, Quad Low Power Line Driver ........cssesscsecssscssseneesnecsseteerectnaees 
LT1030CS, Quad Low Power Line Driver 
LT1031BC, Precision 10 Volt Reference 
LT1031BM, Precision 10 Volt Reference 
LT1031CC, Precision 10 Volt Reference 
LT1031CM, Precision 10 Volt Reference 
LT1031DC, Precision 10 Volt Reference 
LT1031DM, Precision 10 Volt Reference .... 
LT1032C, Quad Low Power Line Driver ...... 
LT1032M, Quad Low Power Line Driver .........scsceseseereestseneenetneeeeresessnsaneensnarenennaneeeasens: 
LT1033C, 3 Amp Negative Adjustable Regulator .... 
LT1033M, 3 Amp Negative Adjustable Regulator... 
LTAO34BC, Micropower Dual Reference ........ssssssssssssesssessesesssssseecesessessernennsnnnannnanssiresssscrcsscaereceanteettestennaneeteey 


Note: 9208 = LTC’s 1992 Databook Supplement and '94DB = LTC’s 1994 Databook Volume III. 
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LT1034BM, Micropower Dual Reference ......... 94DB 7-5 
LT1034C, Micropower Dual Reference ..... ’94DB 745 
LT1034M, Micropower Dual Reference .... ’94DB 7-5 
LT1035C, Logic Controlled Regulator ................cccccecceccesssscessccecsecsececsecsucsscassucssssecessstsissessesresuvstssssussesicereatsassessassesstastereeeseees 4-57 
LT1035M, Logic Controlled Regulator ..............cccsccssssssesssssessessecsesevecsessesstssessucssessessustessusstecsessssssessssatasecsessvessatsessecapeatesecesves 4-57 
LT1036C, Logic Controlled Regulator .........c..cccccccccccscsecssesssssscsessussnesssssvessecsessessessessussucsssssvsarecsesssssssscsecsessusssasecseestesenseveeses 4-69 
LT1036M, Logic Controlled Regutator .............ccccssscssssscsssscsseesssecsssssssesssscsssssssesssuessavssssessivecsuvecanessusessessssvecsssecanestsuessseeeases 4-69 


LT1037AC, Low Noise, High Speed Precision Op AMP ........---ss:sssssescsssesccsssesssssesssseessssssesesssseessessessssecessucssseveesusnessasiersennnecses 2-57 
LT1037AM, Low Noise, High Speed Precision Op Amp ...cccccccsscsssssssssssssssssssssssssssssssessvsssssesescesesssesssesessensestuertstsesseevesnseese 2-57 
LT1037C, Low Noise, High Speed Precision Op Amp .......-:.scecssesssscsessseecseessessusecesssscssvcssesssessessessusseseceasssreceuvessessaversessseasees 2-57 
LT1037M, Low Noise, High Speed Precision Op Amp .........s:..ssssssescssssssseecssecsseessseessssessscssvsecsssecssvecssveesavessessesuecessecnsesesanenses 2-57 
LT1037CS, Low Noise, High Speed Precision Op AMP .........c:ccccssscssscscsssscessessecsessecessesssseserssessessssssesuessesseasecsesssessseveciessessees 2-69 


LT1038C, 10 Amp Positive Adjustable Voltage Regulator ...........c:ssscscssssssssssscessesssessecseessessecerecuecsessesstsareaccaseasessucssestessesaverees 4-77 
LT1038M, 10 Amp Positive Adjustable Voltage Regulator .......c..ccccccccccscssssecseescssessesstsssecaessesssssusssestessesseerecsesssessensessecseeaeeas 4-77 
LT1039C, RS232 Driver/Receiver with SHUtGOWM ...........cccsscssessscsssssesssssscessessecscseceessesussecuessesesssssssressarsessssecepsacasestansancaves 10-19 
LT1039M, RS232 Driver/Receiver with SHUtGOWN ..........csscscessessessecssessecsessecsessnsssesstessessessvecessusserssesetssvesucsutssresesausaussnseacene 10-19 
LT1054C, Switched Capacitor Voltage Converter with REQuiator............ccccccscccsssessssssessscsecsscssesseesseseessssesetsnsensess "94DB «4-26 
LT1054M, Switched Capacitor Voltage Converter with Regulator ........c..cc.ccccessescssssssesssessessessecsessessteseeseessecsseceses 94DB «4-26 
LT1055AC, Precision, High Speed, JFET Input Op Amp.............. 

LT1055AM, Precision, High Speed, JFET Input Op Amp.......... Mes cada tits attcatahcn, Atala a Wine ce 8 ote teeta 
LT10556, Precision, High Speed, JFET Input Op AMP .........c.ccsccesssscsseessesssscesssssssssssssssvcssressvessessacssssssscanvessesarenssessearueesees 
LT1055M, Precision, High Speed, JFET Input Op Amp .. 


LT1055S8, Precision, High Speed, JFET Input Op Amp...... 
LT1056AC, Precision, High Speed, JFET Input Op Amp...... ra 
LT1056AM, Precision, High Speed, JFET Input Op AMP... cecesceccsessseecsecssecsssssscsssssteecseesnsssusessesssessuessecsusesssesseesecssesesessass 
LT1056C, Precision, High Speed, JFET Input Op Amp ...........:.sccsccsecssessecsesscssscsnssnsssessussucsscssvcsssssssssauccarsassevenersntsavasversesusens 
LT1056M, Precision, High Speed, JFET Input Op Amp....... 
LT1056S8, Precision, High Speed, JFET Input Op Amp..... 
LT1057AC, Dual JFET Input Precision, High Speed Op Amo ..... sis 
LT1057AM, Dual JFET Input Precision, High Speed Op AMP.............c:ccesccscsssesssssstssetsessesescessesscstsassessecseeneerssessteassetseseeases 
LT1057C, Dual JFET Input Precision, High Speed Op AMP .............e:cseseecsessesssscsssssssssstesseseeeseesucanssssessesscsucsecasesseessaseesneeseens 
LT1057M, Dual JFET Input Precision, High Speed Op Amp........ : 
LT1058AC, Quad JFET Input Precision, High Speed Op Amp 
LT1058AM, Quad JFET Input Precision, High Speed Op Amp os 
LT1058C, Quad JFET Input Precision, High Speed Op Amp................... iisbdeosasthe tase cecoaaatheedtadagsceseragtiesaaas edd ticriestineneylonttes 
LT1058M, Quad JFET Input Precision, High Speed Op AMP...........cccccsessecccssssessecscsesscesesseseesessesscsesarsessecseercavssesareaseetseneanss 
LT1070C, 5A High Efficiency Switching Regulator..................... 

LT1070HVC, 5A High Efficiency Switching Regulator ................cscsscssesssseesessessesesseessseessseseensesssssseseeeresenseases 

LT1070HVM, 5A High Efficiency Switching Regulator ...............c..cccccccscesecccsseesesesseseseecescscseescsesesssseseesceceeess 

LT1070M, 5A High Efficiency Switching Regulator........ 
LT1071C, 2.5A High Efficiency Switching Regulator...... 
LT1071HVC, 2.5A High Efficiency Switching Regulator 
LT1071HVM, 2.5A High Efficiency Switching Regulator 
LT1071M, 2.5A High Efficiency Switching Regulator... eesesseseecessecnestesssnsssesecseesesesessseccseseetesussuenessesessacsesseessseneteee 
LT1072€, 1.25A High Efficiency Switching ReQulator.............cccsssssecsecssscsesseccesessessesseeceesseesecsesscssssesteeessecsesneeneens ‘94DB 4-232 


Note: ’92DB = LTC’s 1992 Databook Supplement and '94DB = LTC’s 1994 Databook Volume ill. 
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LT1072HVC, 1.25A High Efficiency Switching Regulator .........csssssssre-sssseseeesttnt eet er eettttte nent tt eee eS OA4DB 4-232 
LT1072HVM, 1.25A High Efficiency Switching Regulator ‘ QADB 4-232 
LT1072M, 1.25A High Efficiency Switching Regulator ........-sssssssessseie ‘Q4DB 4-232 
LT1074C, Switching Regulator .........scsccsssscssseesseeesssessennnesssnreerssssssnnessenes '94DB 4-243 
LTIO7AHVC, Switching Regulator ...........- ees ‘Q4DB 4-243 
LT1O74HVM, Switching Regulator .........scccseccsescsssseseenssnneeeeenees ’94DB 4-243 
LT1074M, Switching ReQulator ...........-sssssssseessseerssnecesaneensnseessten 'QA4DB 4-243 
T1077, Micropower, Single Supply, Precision Operational Amplifier ........:sssssssecssesessereeecescesen .. 92DB 2-45 


LT1078AG, Micropower, Dual, Single Supply, Precision Operational Amplifier .........-...--sssseeree ... 92DB 2-56 
LT1078AM, Micropower, Dual, Single Supply, Precision Operational Amplifier ... °92DB 2-56 
LT1078C, Micropower, Dual, Single Supply, Precision Operational Amplifier ...............0 92DB =. 2-56 
LT1078M, Micropower, Dual, Single Supply, Precision Operational Amplifier...... ’92DB_ = 2-56 
LT1079AC, Micropower, Quad, Single Supply, Precision Operational Amplifier ‘92DB 2-56 
T1079AM, Micropower, Quad, Single Supply, Precision Operational Amplifier . ’92DB = 2-56 
LT1079C, Micropower, Quad, Single Supply, Precision Operational AMpIifier ..........ssssssessecsseseseccsssttetteessnersensnness ’92DB =. 2-56 
LT1079M, Micropower, Quad, Single Supply, Precision Operational Armplifier .........csccsssssecsssesssesesteessttensenenste ’92DB Ss 2-56 
LT1080C, Advanced Low Power 5V RS232 Dual Driver/R@C@iver .........-.eceseseseeeeeeseseeeeeeennees RefertoLT1180A ‘94DB 5-27 
LT1080CS, Advanced Low Power 5V RS232 Dual Driver/ROC@IVEN ......c.sesccsseseseeseeteeeeeeeeessees RefertoLT1180A “94DB 5-27 
LT1080M, Advanced Low Power 5V RS232 Dual Driver/Receiver ...RefertoLT1180A ‘94DB 5-27 
LT1081C, Advanced Low Power 5V RS232 Dual Driver/ReC@iVer .......-.-.ccceeeseeeeeeeee . RefertoLT1181A ‘94DB 5-27 
LT1081CS, Advanced Low Power 5V RS232 Dual Driver/Receiver...... .. Referto LT1181A ‘940B 5-27 
LT1081M, Advanced Low Power 5V RS232 Dual Driver/ReCGIVED ......-.---.scstesseseeseeeeereereeee RefertoLT1181A ‘94DB 5-27 


LT1083C, 7.5A Low Dropout Positive Adjustable Regulator ..........sccccsssescssssesneeresssneeccecnseseneseanreetenessnseteeneasenteass °94DB 4-48 
LT1083M, 7.54 Low Dropout Positive Adjustable REQUIator .o.cceeccccccesssteesssnessssnecesaneeeseeteesssneseeanentennersansceseaensany ‘940B «= 4-48 
LT1083-5, 7.5A Low Dropout Positive Fixed 5V REQUIAtOl .......eesessesteessssssenscceecsseeeennsnensessassseencconssensnuanectesnansscts ‘94DB 44-61 
LT1083-12, 7.5A Low Dropout Positive Fixed 12V Regulator .........-sssssseressceeccssseeseeteennnenererecentnensensentsnnnnn es ‘94DB 4-61 


LT1084C, 5A Low Dropout Positive Adjustable Regulator ..........-.-sssecssrsesseesecesenssttssenenensnntensnerscrerensttenenaanne res *94DB «4-48 
LT1084M, 5A Low Dropout Positive Adjustable Regulator ............sssssessseseessssssseeccensnnnnsnsereretesnanensesensnannanaasrs ‘Q4DB «4-48 
L71084-5, 5A Low Dropout Positive Fixed 5V PROQUIAtON ooo. scccssseesccsssssensccosssssseenunnscenssnnerenssnnnvececenssasenssnenecnsntsass ’94DB 4-61 
LT1084-12, 5A Low Dropout Positive Fixed 12V REQUuIatOl ......eececssseccsssesssssseecessseeessneersasenssnasensavensansctesnonsarettens ‘94DB 4-61 
LT1085C, 3A Low Dropout Positive Adjustable Regulator ...........sseesssessssesseeeeereersssnennnnnnrssscsetrectenttentneesst tts *94DB 4-48 
LT1085M, 3A Low Dropout Positive Adjustable ROQUIALOF «......cssseesecssssseesseesssseseessninecessnnesscesssnnsensennnnssnnsnnenersentats ‘94DB «4-48 
LT1085-5, 3A Low Dropout Positive Fixed 5V ReQuiaton .........ccsessssseessesseecesssescesstecennsecteusennsansensnnnernonaeesnisensanesee 4-61 
LT1085-12, 3A Low Dropout Positive Fixed 12V R@QUIAOF .....escscecssesssscsssresssessseseanentsnencarensnvenessessnseeanentaneneesensy 4-61 
LT1086C, 1.54 Low Dropout Positive Adjustable ReQuIatOE .......sseessessessecssresennerneententenss é 4-72 
LT1086M, 1.5A Low Dropout Positive Adjustable Regulator ...........sssssscseseeresseessssssteseennaasenereeteranneseentnnees 4-72 
LT1086-5, 1.5A Low Dropout Positive Fixed SV Regulator .......ssssssecesessesesseessssnnssannnnenresserecreeeetsseennesnesttts 4-72 
LT1086-12, 1.5A Low Dropout Positive Fixed 12V Regulator .........-cssssseeseseessssssessersenssnnnnesttncrancannnneiereeessenae is 4-72 
LT1087C, Adjustable Low Dropout Regulator with Kelvin-Sense INPuts .........ccseecsescsesssesenseesseatesrecseesnessnessatenaes ‘92DB = 4-56 
LT1087M, Adjustable Low Dropout Regulator with Kelvin-Sense IMDuts ............cssecsecsseceesessesnseneesteeseseetatenersante 92DB = 4-56 
LT1088C, Wideband RMS-DC Converter Building BlOCK ..........s.-sssssssssssssssssseseecerseeeceesesescescetennnsnseiei nets tee eee 11-33 
LT1089€, High Side Switch... ecccccssssseeeneessessssssneeeeseessssnnnanssnereneennansssneeeeassnana neste gg enn ee Eo 11-45 


LT1089M, High Side Switch ............cscssssecsseseeesssseestetennesssssssssssannsssansanssnnsceeenrenscacenccrsecengacnanenaenasisnsanannneneennennensase senses 11-45 
LT1101AC, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = 10 or 100) ............04 3-11 
LT1101AM, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = 10 or 100) ............... ‘92DB 3-11 


Note: ’92DB = LTC’s 1992 Databook Supplement and ‘94DB = LTC’s 1994 Databook Volume It. 
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LT1101€, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = 10 or 100) ............... ’92DB_—s 33-11 
LT1101M, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = 10 or 100) uu... 92DB 3-11 
LT1102, High Speed, Precision, JFET Input Instrumentation Amplifier (Fixed Gain = 10 oF 100) 0... cee ‘92DB_ 3-23 
LT1120€, Micropower Regulator with Comparator and Shutdown ............cesscecssessscesssstsssseesseesesscsssucesecscsuseeraneenee ’Q4DB 4-96 


LT1130C, 5-Driver/5-Receiver RS232 Transceiver 
LT1130M, 5-Driver/5-Receiver RS232 Transceiver RefertoLT1130A ‘94DB 5-10 
LT1131C, 5-Driver/4-Receiver RS232 Transceiver with Shutdown.... RefertoLT1131A ’94DB 5-10 
LT1131M, 5-Driver/4-Receiver RS232 Transceiver with Shutdown .............cesseceeee- RefertoLT1131A ’94DB 5-10 
LT1132C, 5-Driver/3-Receiver RS232 Transceiver RefertoLT1132A ’94DB 5-10 
LT1132M, 5-Driver/3-Receiver RS232 Transceiver RefertoLT1132A “94DB 5-10 
LT1133C, 3-Driver/5-Receiver RS232 Transceiver RefertoLT1133A ’94DB 5-10 
LT1133M, 3-Driver/5-Receiver RS232 Transceiver RefertoLT1133A ‘94DB 5-10 
LT1134C, 4-Driver/4-Receiver RS232 Transceiver RefertoLT1134A ‘94DB 5-10 


LT1134M, 4-Driver/4-Receiver RS232 Transceiver ...........c.cccssesseesescccsecscscscessesseseesesseesessesees RefertoLT1134A ‘94DB 5-10 
LT1135C, 5-Driver/3-Receiver RS232 Transceiver without Charge Pump ..... ..RefertoLT1135A ’94DB 5-10 
LT1135M, 5-Driver/3-Receiver RS232 Transceiver without Charge Pump .... .. RefertoLT1135A ’94DB 5-10 
LT1136C, 4-Driver/5-Receiver RS232 Transceiver with Shutdown uc cece eseseeeeeeeeeeee RefertoLT1136A ‘94DB 5-10 
LT1136M, 4-Driver/5-Receiver RS232 Transceiver with Shutdown uu... cece eee RefertoLT1136A ’94DB 5-10 
LT11376, 3-Driver/5-Receiver RS232 Transceiver with SHUTGOWN ...........ceececesesteseeeessessees RefertoLT1137A ‘94DB 5-20 
LT1137M, 3-Driver/5-Receiver RS232 Transceiver with ShutdOwN ...........c.cscsssecseeseessesseesees RefertoLT1137A ’94DB 5-20 
LT1138C, 5-Driver/3-Receiver RS232 Transceiver with ShutdOWN 00.0... ccessesseseesesseeeeeseeee RefertoLT1138A ’94DB 5-10 


LT1138M, 5-Driver/3-Receiver RS232 Transceiver with Shutdown................... RefertoLT1138A ’94DB 5-10 
LT1139C, 4-Driver/4-Receiver RS232 Transceiver with Shutdown..... .. RefertoLT1139A ’94DB 5-10 


LT1139M, 4-Driver/4-Receiver RS232 Transceiver with Shutdown .... .. Refer to LT1139A ’94DB 5-10 
LT1140C, 5-Driver/3-Receiver RS232 Transceiver without Charge Pump ..... .. RefertoLT1140A ’94DB 5-10 
LT1140M, 5-Driver/3-Receiver RS232 Transceiver without Charge Pump ............sscescecseeeees RefertoLT1140A ‘94DB 5-10 
LT1141C, 3-Driver/5-Receiver RS232 Transceiver without Charge PUMP ........-.:.-ccccceeseesens RefertoLT1141A ‘94DB 5-10 
LT1141M, 3-Driver/5-Receiver RS232 Transceiver without Charge PUMP ..........scsscsesecereens RefertoLT1141A ’94DB 5-10 


LT1170C, 100kHz, 5A High Efficiency Switching Regulator ...............ccccssessessececsssessessesssseesesncseessesssssecessessesseesees 
LT1170HVC, 5A High Efficiency 100kHz Switching Regulator .... 
LT1170HVM, 5A High Efficiency 100kHz Switching Regulator ... 
LT1170M, 5A High Efficiency 100kHz Switching Regulator........ e 
LT1171C, 2.5A High Efficiency 100kHz Switching Regulator... ccc cecseecsescessceccsescseseecscanscecscscsvscenaneeeseees 
LT1171HVC, 2.5A High Efficiency 100kHz Switching Regulator oo... cccecceseseseseesesesseeesseseensscsececscseeeeseeneaees 
LT1171HVM, 2.5A High Efficiency 100kHz Switching Regulator 
LT1171M, 2.5A High Efficiency 100kHz Switching Regulator 0.0... ccssssssesecsescscscsestsssccsssccsssseaeseseecstatensees 
LT1172C, 1.25A High Efficiency 100KHZ Switching Regulator ....... 
LT1172HVC, 1.25A High Efficiency 100KHZ Switching Regulator .............0.0.... 
LT1172HVM, 1.25A High Efficiency 100KHZ Switching Regulator . a 
LT1172M, 1.25A High Efficiency 100KHZ Switching Regulator 0.0.0... cccescseseseceseesesseseersseseereseseseesescecsseeetsers 
LT1178AC, 17yA Max, Dual, Single Supply, Precision Operational Amplifier 00... eesssssessesseseessseceseeerees 
LT1178AM, 17uA Max, Dual, Single Supply, Precision Operational AMplifier .............-.cccsseccsssesscccesseerscseescetees 
LT1178C, 17pA Max, Dual, Single Supply, Precision Operational Amplifier ...............ccccccesseseseesecsecesesecesseeeeseevene 
LT1178M, 17yA Max, Dual, Single Supply, Precision Operational Amplifier ...... 
LT1179AC, 17yA Max, Quad, Single Supply, Precision Operational Amplifier ... 


Note: 92DB = LTC’s 1992 Databook Supplement and ’94DB = LTC’s 1994 Databook Volume III. 
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LT1179AM, 17yA Max, Quad, Single Supply, Precision Operational Amplifier .... Aestsiediaxcoosteceeecetaeaaeeees 92DB 2-112 
LT1179C, 17HA Max, Quad, Single Supply, Precision Operational Amplifier ............ssscssssssessseecnneseceenneiesesssseren ’92DB 2-112 
LT1179M, 174A Max, Quad, Single Supply, Precision Operational Amplifier ...........-..sssssescesssnsssessetteesenneettns ‘92DB 2-112 
LT1180C, Advanced Low Power 5V RS232 Dual Driver/Receiver with Small Capacitors ........ RefertoLT1180A ’94DB 5-27 
LT1180M, Advanced Low Power 5V RS232 Dual Driver/Receiver with Small Capacitors ....... RefertoLT1180A ‘94DB 5-27 
LT1181C, Advanced Low Power 5V RS232 Dual Driver/Receiver with Small Capacitors........ RefertoLT1181A "94DB 5-27 
LT1181M, Advanced Low Power 5V RS232 Dual Driver/Receiver with Small Capacitors ....... RefertoLT1181A "94DB 5-27 
LT1188C, 1.5A High Side Switch ............cccccsseesssessescsecsssecscssscesssssseesesssessecesueessessessasesaessnessacaranessecnnessscesseenasensnnys ’92DB = 4-48 
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LT1280M, Advanced Low Power 5V RS232 Dual Driver/Receiver .... Refer to LT1280A ’94DB 5-411 
LT1281C, Advanced Low Power 5V RS232 Dual Driver/Receiver ... RefertoLT1281A ‘94DB 5-41 
LT1281M, Advanced Low Power 5V RS232 Dual Driver/Receiver .............sssssesseceessessestessees RefertoLT1281A ‘94DB 5-41 


LT1431C, Programmable Reference .............::sssssssssssssesssseesssesssneessnesnsseesnsesssnecsnneeenecesuseaneecnnecssneccuuessssatsssensnsseties ‘92DB) 7-13 
LT1431M, Programmable Reference .............-ceee .. 92DB 7-13 


LT1524, Regulating Pulse Width Modulator ............... 
LT1525A, Regulating Pulse Width Modulator 
LT1526, Regulating Pulse Width Modulator ............ecsesesssssesssessessessessestesneesnssneenesneeseeeneensentonenaesnenneenseseneneess 
LT1527A, Regulating Pulse Width Modulator .........c.sssscssssessssesssssssneessccssssssneestcesasecsneesseessnessnsssaneesenssnensnarsey 
LT1846, Current Mode PWM Controller ............. 

LT1847, Current Mode PWM Controller ......... 
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LT3846, Current Mode PWM Controller ..... 
LT3847, Current Mode PWM Controller ou... eee esesseetesteeeeseeees 
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LTC201AM, Quad CMOS SPST Low Charge Injection Analog Switch 
LTC201C, Quad CMOS SPST Low Charge Injection Analog Switch ... ste 
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LTC1040M, Dual Micropower Comparator «00.0... ess eceseecssessesssessessseesesatscsseesseeverenesnessaeers 
LTC1041C, BANG-BANG Controller .............ccessssscccsssecsecetsueseeseseseesseeseessseessesesenesesesnensantonees 
LTC1041M, BANG-BANG Controller ... ia 
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LTC1043M, Dual Precision Instrumentation Switched Capacitor Building Block ....... 
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LTC1044C, Switched Capacitor Voltage Converter oo... cessesssecsesssssssessecssecsuessessssesarsasessseeressasseesssneesneentecaasaneeseasnecssanneys 
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LTC1044M, Switched Capacitor Voltage Converter 
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LTC1045M, Programmable Micropower Hex Translator/Receiver/Driver 


Note: ’92DB = LTC’s 1992 Databook Supplement and 94DB = LTC’s 1994 Databook Volume III. 
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LTC1051C, Dual Precision Zero Drift Operational Amplifier with Internal Capacitors ........cssccscsssseecccsssescecsssssesses 92DB 2-306 
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LTC1052C, Chopper Stabilized Op AMP .........ccccsesssssessssesssssscssesscesesseecssucsssucessecassucssescassecssussssavesnsecsssessavesessecsanecsneesssvessecces 2-197 
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LTC1052M, Chopper Stabilized Op AMP .....cessccscessscesssesssessesssucsesessecseccssstevcssecsssesvessessassssesssssasesssecsusssursssessseceavesursessustecsees 2-197 
LTC1059AG, High Peformance Switched Capacitor Universal Filter ............cc..ccccscssesecssscsssscuecsssseccssssccssecessavesserssescasssensessesesses 7-3 
LTC1059AM, High Peformance Switched Capacitor Universal Filter ..........cccccccsssesscesscsscecssecsssessccsesecesssessecssusscosssseccececerceeeeesee 7-3 
LTC1059C, High Peformance Switched Capacitor Universal Filter ........ wal 8 
LTC1059CS, High Performance Switched Capacitor Universal Filter ............cccccsscsssesccsecccseesssscsssesssessseecssecscsscsssssecssseusecseeses 7-11 
LTC1059M, High Peformance Switched Capacitor Universal Filter ......c...sccscccsssccssesscssecsssssecscssseccsssscssssscssssaccessssessssuessesetsesses 7-3 
LTC1060AC, Universal Dual Filter Building BIOCK 0.0... 

LTC1060AM, Universal Dual Filter Building Block 

LTC1060C, Universal Dual Filter Building BIOCK ...........c..csescsssscssesssescsscscssecssesccsecsessessssecsesessses : 
LTC1060CS, Universal Dual Filter Building BIOCK............ccscscessssesssssesssescssescsusessesssnecsssecarsncesuessssecssuccssscsssvessveceasecsssvessusessenees 


LTC1060M, Universal Dual Filter Building BIOCK .........cccssssssssssssssssessssssssseccssssecessesssuseecesssereeseussestessssssvecessssssestessssssectuaseeseee 
LTC1061AC, High Performance Triple Universal Filter Building Block 
LTC1061AM, High Performance Triple Universal Filter Building Block 
LTC1061C, High Performance Triple Universal Filter Building Block oo... sccesesscssscsssecccsssecsssececsesecersusecnseese 
LTC1061CS, High Performance Triple Universal Filter Building Block 
LTC1061M, High Performance Triple Universal Filter Building BlOCK...........ccscscsscsvsssssesssseesessssseeessssssssessessuecestsssuseesessnvecessts 
LTC1062C, 5th Order Lowpass Filter 
LTC1062CS, Sth Order Lowpass Filter ..........cccsessssssessesssssesssesssssessessecsusssesaveesesassuessvcsucsecsursssansseassucsavseacsvcnscasvenes 


LTC1062M, Sth Order Lowpass Filter... cescssscscsssessecssecsscesecsssessvcssssssesssessnuesnecsarossestuvesavarsncaueesucssuessvessecasvense 

LTC1064C, Low Noise, Fast, Quad Universal Filter Building BlOCK 00... ccccccssssscsccesssccssecsucsseessecssecssescessssucsessssesstenseseees 
LTC1064M, Low Noise, Fast, Quad Universal Filter Building BIOCK .............scscccsssessssseesssseseccssesessseessssnessssseccestscteneess 
LTC1064-1C, Low Noise, 8th Order, Clock Sweepable Elliptic Lowpass Filter ...... 

LTC1064-1M, Low Noise, 8th Order, Clock Sweepable Elliptic Lowpass Filter ......... 

LTC1064-2C, Low Noise, High Frequency, 8th Order Butterworth Lowpass Filter .... 

LTC1064-2M, Low Noise, High Frequency, 8th Order Butterworth Lowpass Filter .........scs.sseccssssesseeccsessseccsseesssees ’92DB 8-5 
LTC1064-3, Low Noise, High Frequency, 8th Order Linear Phase Lowpass Filter ........c...c.sscccscccsesssesssescessssecssesenee ‘92DB_ 8-13 
LTC1064-4, Low Noise, 8th Order, Clock Sweepable Cauer Lowpass Filter ...........c..scssceccsesssecsssescecssecssesssecessasseces 92DB_ 8-21 
LTC1OS0AG, Single Chip 10-Bit Data Acquisition System ...........ccesssssssscssssscsescsessecstecseessvecsvessecssssssessesssucensatanessessaversvesevens 9-5 
LTC1090AM, Single Chip 10-Bit Data Acquisition System ...........cccsescessseccesscscsccsseceessecseceesstecsessessessessesteseesssecsessessusssenseescesees 9-5 
LTC1090C, Single Chip 10-Bit Data Acquisition System 0.0... ccccecsssssssesssescusssssssssscussssessuesasesstessesssersuessusssssssevsssessecssesesees 9-5 
LTC1090M, Single Chip 10-Bit Data Acquisition System ...........cccccsssssssssessessseessussscessseseessssssecssessssssesecusceseerussssteravensessersseenses: 9-5 
LTGIO91AC, 1-Channel, 10-Bit Serial 1/0 Data Acquisition System ........c cc sescccsessseccessecsesseesscosessrccsessecsessecsesstersecsessvesssess 9-29 
LTC1091AM, 1-Channel, 10-Bit Serial [/O Data Acquisition System ...........cccccssccssssssecssssssecssecnsessvessessetssecssecsseessesseeessesseeess 9-29 
LTC1091C, 1-Channel, 10-Bit Serial 1/0 Data Acquisition System ......cccccsccsscssessesssssssseccesssssssssssssssesesesssssssceesesesesssesesveess 9-29 
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Note: 92DB = LTC’s 1992 Databook Supplement and ‘94DB = LTC’s 1994 Databook Volume lil. 
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LTC1092C, 2-Channel, 10-Bit Serial [/0 Data Acquisition System ................. 
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LTC1093AC, 6-Channel, 10-Bit Serial I/O Data Acquisition System 
LTC1093AM, 6-Channel, 10-Bit Serial 1/0 Data Acquisition System .............csecsseseseseeseeeeasesnessesnssesssesseeneeneeseennetatnaesntens 9-29 
LTC1093C, 6-Channel, 10-Bit Serial I/O Data Acquisition System .... 
LTC1093M, 6-Channel, 10-Bit Serial {/0 Data Acquisition System 
LTC1094AC, 8-Channel, 10-Bit Serial 1/0 Data Acquisition System 
LTC1094AM, 8-Channel, 10-Bit Serial 1/0 Data Acquisition System ............scssecssessesesssntesssecssentssseesssnsressensseesneenseneeesssensaes 
LTC1094C, 8-Channel, 10-Bit Serial 1/0 Data Acquisition System ............sssssssesseesseseeneessessenesnessesssessestesseeseeanennteneeneete 
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LTC1099AM, High Speed 8-Bit A/D Converter with Built-In Sample-and-Hold 
LTC1099C, High Speed 8-Bit A/D Converter with Built-In Sample-and-Hold .... 
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LTC1150C, +15V Chopper Stabilized Op Amp with Internal Capacitors .... 
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LTC1290BC, Single Chip 12-Bit Data Acquisition System..................... 
LTC1290BM, Single Chip 12-Bit Data Acquisition System ..............cccsssessesesseesseseeneeseettesseensenteseesneneeseeseeesssnasacs 
LTC1290CC, Single Chip 12-Bit Data Acquisition System... esseseesseeseesesscsseeseesecsssasssseeneaseeseeaseatsessensense 
LTC1290CM, Single Chip 12-Bit Data Acquisition System ........ 
LTC1291, 1-Channel, 12-Bit Serial [/0 Data Acquisition System... 
LTC1292, 2-Channel, 12-Bit Serial 1/0 Data Acquisition System.......... 

1701293, 6-Channel, 12-Bit Serial 1/0 12-Bit Data ACquisition System ...........:csesssseseeseseseeescetseeseensneneeesaeneersee 
LTC1294, 8-Channel, 12-Bit Serial 1/0 12-Bit Data Acquisition System oo... ccc cscssestssssssneseessetsesesneeeeesenseseeenes 
LTC7652C, Chopper Stabilized Op AMP... cesses esesseseeteeeseseeensees 

LTC7660, Switched Capacitor Voltage Converter.......... 
LTKAOOC, Thermocouple Cold Junction Compensator and Matched AMD Ct 5. sicidicastiasasstvcceecitssotgeretacaaraneiedveasataces 
LTKAOOM, Thermocouple Cold Junction Compensator and Matched Amplifier 
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LTKOO1AM, Thermocouple Cold Junction Compensator and Matched Amplifier 0.0... esesessessesseesesessesseareseeseesseesseeneeses 11-3 


LTKOO1C, Thermocouple Cold Junction Compensator and Matched Amplifier 
LTKO01M, Thermocouple Cold Junction Compensator and Matched Amplifier 
LTZ1Q00AC, Ultra Precision Reference «0.0... cececcceceseeteeecceeteeeseseeesseeseeeeseese sie 
LTZ1QO0C, Ultra Precision Reference ............cccecccesseseseeectetessscceseseeescessnersscusseacsescsesaseenseecsnanssceesascscaceessacscasseesanearsevanensneneases 
OP-05, Internally Compensated Op AMP ou... esessecssseeseeneceeseeseeresssseesessssnesvestasueacsvaseessaussassssseneseesecseeneseeanenseaconeateneeneenees 

OP-05A, Internally Compensated Op Amp 


Note: '92DB = LTC’s 1992 Databook Supplement and ’94DB = LTC’s 1994 Databook Volume Ill. 
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OP-05C, Internally Compensated Op Amp 
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OP-16C, Precision, High Speed JFET Input Op Amp 
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OP-37A, Low Noise, High Speed Op Amp..............--00--0- 
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REF-01, Precision Voltage Reference ..............cccssesssesssesssecssesssecseesseessvessuessnesseessessassucssesssusssssssessssessssssssssesstesserscatecieseseesses 


REF-01E, Precision Voltage Reference 
REF-O1H, Precision Voltage Reference 


Note: ’92DB = LTC’s 1992 Databook Supplement and ’94DB = LTC’s 1994 Databook Volume Ili. 
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$G3524S, Regulating Pulse Width Modulator ...........cesssscssssssssessecssenssecnseeneenccunscnessseenesssesesssseessessetsersniessesenens 
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Note: '92D8 = LTC’s 1992 Databook Supplement and '94DB = LTC’s 1994 Databook Volume III. 
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LT1034CS8-2.5, Micropower Dual Reference. .......0 2000.00.00 c ccc cece cece cece cn ceeueneneneneees 3-81 
LT1037CS, Low Noise, High Speed PrecisionOpAmp..... 20.20. cece ccc cece cece cent cenbeeeees 2-69 
LT1054CS, Switched Capacitor Voltage Converter with Regulator... 0.0.0... ccc c cece cece ceseeees 5-35 
LT10541S, Switched Capacitor Voltage Converter with Regulator... 20... oo ccc cc ccc ce eee eeeeeeay 5-35 
LT105588, Precision, High Speed, JFET InputOpAmp .... 0.0.0... ec cece eee cece cece eeueuteeenns 2-231 
LT1056S8, Precision, High Speed, JFETInputOpAmp ................ 0.0. cece eee ceceveeceesueuceeeues 2-231 
LT1057S, Dual JFET Input Precision HighSpeedOpAmp ...... 0.0.0.0... cece cucu ceecevcecceneecneecees 2-247 
LT105718, Dual JFET Input Precision High SpeedOpAmp ................ ccc cece cece cu seueveeeeueencuns 2-247 
LT1080CS, 5V Powered RS232 Driver/Receiver withShutdown .........0. 00... e cc cccccccceccccceecesee 10-51 
LT1081CS, 5V Powered RS232 Driver/Receiver withShutdown ........... 0.0.00. c cc ccc cccccccveccueeeens 10-51 
LTC1043CS, Dual Precision Instrumentation Switched-Capacitor Building Block..........0..0..0..cecceeeeeee 11-31 
LTC1044CS8, Switched Capacitor Voltage Converter 20... e cece cee cece eees 5-21 
LTC1052CS, Chopper-Stabilized OpAmp(CSOA™) .. 2.20.00 c cece cece cece eeneceenenes 2-217 
LTC1059CS, High Performance Switched Capacitor Universal Filter... 2.0.0... eee ce cece cece eens 7-14 
LTC1060CS, Universal Dual Filter Building Block .... 20.0.0... 00.0 ccc cc cece cece cece vate eeteeens 7-35 
LTC1061CS, High Performance Triple Universal Filter Building Block .. 0... cece cece cece aee 7-55 
LTC1062CS, 5th Order Low Pass Filter... 0... cece cece eee eee esctebtebetvneneenegs 7-71 
OP-O7CS8, PrecisionOPAMP . 0.2.2... cece ence reece eset bbb tbe bbe bebbebbbnees 2-337 
$G35245, Regulating Pulse Width Modulator... 0.0... cece cece eee c vt venenencees 5-93 
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GENERAL ORDERING 


{LJ Lint } \2 INFORMATION 


TECHNOLOGY 


L ORDER ENTRY 


Orders for products contained herein should be directed to: LINEAR TECHNOLOGY CORPORATION, 
1630 McCarthy Boulevard, Milpitas, California 95035. Phone: 408-432-1900. 


Il. ORDERING INFORMATION 
Minimum order value is $2000.00 per order; minimum value per line item is $500.00. 
Each item must be ordered using the complete part number exactly as listed on the datasheet. 
F.0O.B.: Milpitas, California. 


ill. RELIABILITY PROGRAMS 
Linear Technology Corporation currently offers the following Reliability Programs: 


A. JAN QPL devices. 

B. DESC drawings. 

C. MIL-STD-883, Level B, Revision C for all military temperature range devices. 

D. “R-Flow” Burn-In Program for commercial temperature range devices. Consult Factory regarding burn-in program. 


IV. PART NUMBER EXPLANATION 


XXX XXXK x xX J/883B 
| [ls ss Screening to MIL-STD-883, Level B, Revision C 
Package Style (see Cross Reference on Page 12-3) 
Temperature Range 
M for Military 
C for Commercial 
X for 200°C Extended Range* 
Letter indicates electrical grade of part 
Generic or Product Part Number 
Designator 


LF, LM, OP, REF, and SG are second source devices 
LT are improved or proprietary devices 
LTC indicates proprietary CMOS devices 


Vv. PACKAGE SUFFIX EXPLANATION 


Letter Designator Description 

D 14, 16, 18 and 20 Pin Side Brazed Hermetic DIP 
D8 8 Pin Side Brazed Hermetic DIP 

Multi Lead Metal Can 

14, 16, 18 and 20 Pin Ceramic DIP 

8 Pin Ceramic DIP 

TO-3 Metal Can (Steel) 

14, 16, 18 and 20 Pin Molded DIP 

8 Pin Molded DIP 

TO-3P Molded (3 lead) 

8 Lead Small Outline (SO) package (Note 1) 

16, 18, 20 Pin Small Outline (SO) package (Note 1, 2) 

TO-220 Molded (3 lead, 5 lead) 

11 Pin Molded SIP 

10 Pin Flatpack (Cerpak) 

TO-92 Molded (3 lead) 


NS<aHQvEZZxgcr 


Note 1: Pin-out and electrical specifications may differ from standard commercial grade N8 package. 
See SO datasheet for specific information. 

Note 2: These devices are delivered in either 150 MIL (SO) or 300 MIL (SO-L) wide packages depending 
on device die size. See specific SO datasheet for pin counts and package dimensions. 
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ALTERNATE SOURCE 
CROSS REFERENCE GUIDE 


Jun 


TECHNOLOGY 


AMD FSC PIN LTC DIRECT REPL | INTERSILPIN LTC DIRECTREPL | MOTOPIN LTC DIRECT REPL 
AMD PIN LTC DIRECT REPL | .A108 LM108 LM141 Uma Mor S58 ur 1 191 13M * 
LT1008M* L a u 
AM685 LT685 #A108A LM108A LT1011M* LT323AT* 
AM686 LT1016 LT1008M* LM124 LT1014M* OP27A OP27A 
cereen aegwe AUN, at Fogo EBaean 
LT111A* 4 
PETER ISON e , rrloriMe MAXIMPIN, LTCDIRECTREPL | OP27C = OP27C 
117 LM117 
LF156 LFI5S6 ® LTt17A* AD7820 LTC1099* OP27E OP27E 
LT1056M pA124 LT1014M* (CL7650 LTC1052** LT1007AC* 
trisee goa | 2AM, Cagtie| ct tess erg” opener 
L ICL7660 LTC1044** 
LF198 LF198 LT1008C** MAX232 LT1081* LT1007C* 
LF355A Seay me wA3I1 LM311 MAX235 LT1130** OP37A patel ati 
LT311A* MAX23 LT1132** ° 
LF356A LF3S6A LT1011C* MAXoSS LT1 4 “- OP37B LT1037M* 
irae een ¥A317 LM3t7 MAX239 LT1133** OP37C Cree ie 
LT317A* MAX4i 1 7 
LM108 LM108 uA318 LM318 Maxaso CTC1050 OP37E OP37E 
LT1008M LT318A* MAX432. «LTC 1050 LT1037AC* 
LM108A LM108A pA714 OP07 MAX680 LT1026"* OP37F UT1037C* 
LT1008M* LT1001M* MF10 LTC1060 OP37G OP37G 
LM111 LM11t 4 pA714C OP07C OPO7 OP07 LT1037C* 
tit | arae geo’ OFeh__Spar_fscnsae 5 
14 " 
LM118 net we LT1001C* MOTOROLA SG1525A SG1 15254 
LT1 7 
M119 LM119 BARE: OEUID, | MOTOPIN  LTCDIRECTREPL | scisova  SQiZavA 
um14g Crone: eee” LOIS. LF155 LF1SS $G3524 SGa624 
tween tags [HARRIS eg ETHOS Cras 
LT1008G SG3525A SG3525A 
LM311 M311 HARRIS P/N LTC DIRECT REPL eat LT3525A* 
LT311A* ae SG3527A —- SG3527A 
LT1011C* siecle Lee LT1056M LT3627A* 
LM318 LM318 LM118** | LF156A LF156A pot 
LT318A* A La ied 7 Leleeeen NATIONAL SEMICONDUCTOR 
LM319 Uses HAZ LT31BA‘* LFa66A L356 NSC PIN LTC DIRECT REPL 
es 101A LM101A 
ANALOG DEVICES HA5130-2 OPO7A LM107 LM107 ADC032 LTC1091 
LT1001AM* LM108 LM108 ADC0820- LTC:1099 
AD PIN LTC DIRECT REPL | HA5130-5 OPOTE e LT1008M* LF155 ne : besm F 
: A 
ADIOIA — LM101A HASI35-2 Spud SORE LF155A LFAS5A 
Beton.” prentes LT1001M* LM111 Mitt LT1055AM* 
na . HA5135-5  OPO7C LT111A* LF156 LF156 . 
AD510K O01AC* LT1001C* LT1011M* LT1056M * 
ADsiee — GruRAS” | Macro” Bry. ftw EI cen HE 
LT1O01AM* HAOPOTA bears nee LT1056AM* 
AD517 OPO7** DHOOIAM® ryies eae LT1022AM* 
LT1001** HAOPO7C = OP07C CT100M* * LF198 LE198 
AD518 LM118** LT1001C* LM124 LT1014M* LF198A LF198A 
igpeus re HAOPO7E OPOTE LM137 LM137 LF355A PesreSace 
ADS81 LT581 Lr103aM ‘* LF356A LF356A 
‘seems ur 031 : INTERSIL LM148 CTiO14M* LT1056AC* 
AD7820 —«LTC1099° INTERSIL PIN LTC DIRECT REPL | ‘M150 Lri50A* LF398 trae 
eked 2 Fee ICL232 71081 LM158 LT1013M* LF398A LF39BA 
ADOPO7A GPO7A ICL7650 8-Pin LTC 1050* LM308A LM308A ee rs a me 
LT1001AM* 1CL7652 8-PinLTC7652 ee LHo044 LT1001M* 
ADOPO7G OPO7G ICL7660 LTC1044* LM311 LM311 atte Snare 
Capes | Yolnonee | LMS 2 ae Last 
caste 31 aN IcLeo6oM = LM185-1.2 | LM317 LM317, | HoTecA. ‘Tie ioe 
ADOPO7E OPOTE Less | cetes >| umaas. saz LM10 LM10 
LFI5SA LF 155A LTS23A* taie8 mitre 
FAIRCHILD Tess aye M337 im337 LM101A LM101A 
FSC PIN LTC DIRECT REPL | LF355a LF355A LT337A* LM107 EMIOe 
LF356A LF356A LT1033C** LM108 LM108 
$SH123 LM123 LH2108 CH2108 LM350 LM350 LT1008M* 
LT123A* LH2108A LH2108A LT350A* LM1084 LM108A 
LT1003M** LM101A LM101A MC1400U2_—_LT1019CN8-2.5* LT1008M* 
SH323 LM323 LM107 LM107 MC1400AU2_ LT1019CN8-2.5** | LM111 LM411 
LT323A* LM108 LM108 MC1400U5_—_ LT1019CN8-5* LTA" 
LT1003M** LT1008M* MC1400AUS_ LT1019CNB-5"* LT1011M* 
wA78HO5C = LT1003C** LM108A LM108A MC1400U10_ LT1019CN8-10° | LM112 
pA101A LM101A LT1008M* 


BHAIN7A 


LM107 


MC1400AU10 LT1019CNB-10°* | LM113 
MC145406 —LT1039-16* ee 


LT1012M* 
LT1004M-1.2" 
LM117 
LT117A* 


*LTC Improved Replacement: 100% Pin-for-pin compatible with better electrical specifications. 
fe 


**Similar Device: PI 
+Consult factory for guaranteed TC devices. 
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‘ease consult the data sheat to determine the suitability of the raplacement for specific applications. 


LT WEAR 


ALTERNATE SOURCE CROSS REFERENCE GUIDE 


NSC PIN LTC DIRECT REPL 


UM117HV LM117HV 


NSC PIN LTC DIRECT REPL 


LM338 LM338 


PMI PIN LTC DIRECT REPL 


OP16G OP16G 


PMI PIN LTC DIRECT REPL 


PM2108A LH2108A 


LT117AHV* LT338A* LT1056C* REFO1 REFO1 
LM118 LM118 LM350 LM350 OP27A OP27A LT1019M-10° 
LT118A* LT350A* LT1007AM* 11021-10** 
LM119 LM119 LM368-5.0 _LT1019AC-5* OP27B LT1007M* REFO1A REFO1A 
LT119A* LM368Y-5.0 LT1019AC-5* OP27C QP27G LT1021-10°* 
LM123 LM123 LM368-10.0. LT1019C-10** REFO1C REFO1C 
LT123A* LM368Y-10.0 LT1019C-10°* | OP27E OP27E LT1019C-10* 
LT1003M* LM385-1.2  LM385-1.2 LT1021-10** 
LM124 LT1014M* LT1004C-1.2* OP27F LT1007C* REFO1E REFO1E 
LM129A LM129A LM385-2.5  M385-2.5 OP27G OP27G LT1021-10** 
LM129B LM129B LT1004C-2.5* REFO1H REFO1H 
LM129C LM129C LM385BX-1.2 LT1034BC-1.2* | OP37A OP37A LT1019C-10° 
LM133 LT1033M* LM385BY-1.2 LT1034C-1.2* (T1021-10°* 
LM134 LM134 LM385BX-2.5 LT1034BC-2.5* | OP37B OP37A REFO2 REF02 
LM134-3 LM134-3 LM385BY-2.5 LT1034C-2.5* LT1019M-5* 
LM134-6 LM134-6 LM396 LT1038C** OP37C OP37C LT1021-5** 
LM136A LM136A LM399 LM399 REFO2A REFO2A 
LT1009M* LM399A LM399A OP37E OP37E LT1021-5** 
LM136-2.5 LM136-2.5 LM399A-20 LM399A-20 REFO2C REFO2C 
LT1009M* LM399A-50  LM399A-50 OP37F OP37E LT1019C-5* 
LM136-5 LT1029M** LM1524 $G1524 L11021-5** 
M137 LM137 LT1524* OP37G OP37G REFO2D LT1019C-5* 
LT137A LM2935 LT1005** L11021-5** 
LT1033M** LM3524 $G3524 OP77A LT1001AM** REFO2E REFO2E 
LM137HV)——« LM137HV LT3524* OP77B LT1001M** LT1021-5** 
LT137AHV* MF5 LTC1059* OP77E LT1001AC** REFO2H REFO2H 
LM138 LM138 MF10 LTC1060° OP77F LT1001C"* LT1019C-5* 
LT138A* OP77G LT1001C** £11021-5** 
IMtgo M80 = orzo7e§—LTs00aM" lnc 
7 1 * 
LTiBOA* PMI PIN LTC DIRECT REPL | Op207E LT1002C" 
LM158 LT1013M" CMP01 LT1011** OP207F LT1002C* 
LM168BY-5.0_LT1019M-5** CMP02 LT1011"* OP215A OP215A 
LM168BY-10.0 LT1019M-10** OP04 LT1013° LT1057AM* LM101A LM101A 
LM185-1.2 LM185-1.2 OP05 OP05 OP215B OP215A* LM107 LM407 
. LT s004M-1.2* LT1001M* LT1057AM* LM111 LM111 
LM185-2.5 — LM185-2.5 OPOSA OPO5A OP215C OP215C LT111A* 
LT1004M-2.5* LT1001M* LT1057M* LT1011M* 
LM185BX-1.2 LT1034BM-1.2* | OPOsC OP05C OP215E OP215E LM124 LT1014M* 
LM185BY-1.2 LT1034M-1.2* LT1001C* LT1057C* L148 LM1014M* 
LM185BX-2.5 LT1034BM-2.5* | OPOSE OPO5E OP215F OP215E* LM311 LM311 
LM185BY-2.5 LT1034M-2.5* LT1001C* LT1057C* LT311A° 
LM196 LT1038M** OP07 OPO7 OP215G OP215G LT1011¢" 
LM199 LM199 LT1001M* LT1057C* OPos OPOS 
LM199A LM199A OPO7A OPO7A OP220 CT1078* LT1001M" 
LM199A-20 LM199A-20 LT1001AM* Op221 LT1013° OPOS5A OPO5A 
LM234-3 LM234-3 OP07C OP07C OP227A OP227A LT1001AM* 
LM234-6 LM234-6 LT1001C* OP227B OP227A OPOSC OPO5C 
LM308A LM308A, OPO7E OPO7E OP227C P2276 LT1001¢6* 
LT1008C" LT1001C* OP227E OP227E OPosE OPOSE 
LM311 LM311 OP10 LT1002M" OP227F OP227E LT1001C* 
LTSVIA* | OP10A LT1002AM* OP227G OP227G | opo7 OPO7 
LT1011C OP10C LT1002C* OP290 T1078 LT1001M* 
LM317 LM317 | OP10E LT1002C OP400A LT1014AM** OPpo7A OPO7A 
LT317A OP11 171014" OP400E LT1014AC** CTIO01AM* 
LM317HV -LM317HV OP12A LT1012M* OP400F LT1014AC** OPpo7C OP07C 
LT317AHV* OP12B LT1012M* OP420 LT1079° LT1001C* 
LM318 LM318 OP12C LT1012M* oPp421 LT1014* OPO7E OPO7E 
LT318A OP12E LT1012C* OP490 LT1079** LT1001C* 
LM319 LM319 OP12F 710120" PM108 (M108 OP27A OP27A 
LT319A OP12G LT1012C* LT1008M* LT1007AM* 
LM323 LM323 | OP15A OP15A PM108A LM108A OP27B OP27A 
LT323A* LT1055AM* LT1008M* LT1007M 
LT1003C OP15B OP15B PM155 LF155 op27c OP27C 
LM329A L M3298 LT1055M LT1055M* LT1007M* 
LM329B LM329B OP15C OP15C PM155A LFIS5A OP27E OP27E 
LM329C LM329G LT1055M* LT1055M* LT1007AC* 
LM3290 LM329D | OP15E OP15E PM156 LF156 op27F OP27F 
LM333 LT1033C LT1055AC* LT1056M* LT1007C* 
LM333A LT1033C OP15F OP1 T1055C* PM156A LFA56A OP27G OP27G 
LM334 LM334 OP15G OP15G LT1056M* LT1007C* 
LM336-2.5  LM336__ LT1055C* PM308A LM308A OP37A OP37A 
LT1009C OP16A OP16A LT1008C* LT1037AM* 
LM336B-2.5 LM336B | LT1056AM* PM355A LF355A OP37B OP37A 
LT1008C* OP16B OP16B CT1055C° LT1037M 
LM336-5 LT1020C LT1056M* PM356A LF356A op37c OP37C 
LM337 LM337 | OP16C OP16C LT1056C* LT1037M* 
LT337A* | LT1056M* PM1008 LT 1008 OP37E OP37E 
umsarny — CMSerHy OPTCE PHOSBAC pMiges = CTHOLaM ee: 
: * : F P3 
LT337AHV OP16F fe Vil ee PM2108 LH2108 OST ORC 


*LTC improved Replacement: 100% Pin-for-pin compatibte with better electrical specifications. 
**Similar Device: Please consult the data sheet to determine the suitabitity ‘of the replacement for specific applications. 
+Consult factory for guaranteed TC devices. 


ES 
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ALTERNATE SOURCE CROSS REFERENCE GUIDE 


RAYTH PIN —_LTC DIRECT REPL 


OP37G OP37G 


LT1037C* 

RC714CH OP07C 
LT1001C* 

RC714EH eae 
LT1001C* 


RM714H OP07 
LT1001M* 
RM1558 LT1013M* 


LF398 LF398 
LF398A LF398A 
LM101A LM101A 
M144 LM111 
LT141A" 
LT1011M* 
LM119 LM119 
LT119A* 
LM124 LT1014M* 
LM158 LT1013M* 
LM311 M311 
LT311A* 
LT1011C* 
MC1558 LT1013M* 
NE1037 LT1037 
NE5534 OP37* 


LT1037* 

NESS34A OP37* 
1T1037* 

SES5534 OP37* 
LT1037* 

SE5534A OP37* 
LT1037° 
$G3524 $G3524 


LT3524* 


SILICON GENERAL 
SILGEN P/N LTC DIRECT REPL 


SG101A LM101A 


$G108 LM108 
LT1008M* 
SG108A LM108A 
LT1008M* 
$G111 LM111 
LTW1A 
LT1011M* 
$6117 LM117 
SG117A LT117A 
$G123 LM123 
SG123A LT123A 
LT1003M ** 
$G124 LT1014M* 
$G137 LM137 


$G137A 


$G138 LM138 
$G138A LT138A 
$G150 LM150 
SG150A LT150A 
$6311 


LT1011C* 
$G317 LM317 
SG317A LT317A 
$G323 LM323 


SG323A 


$G337 
$G337A 


$G338 LM338 
SG338A LT338A 
$G350 LM350 
SG350A LT350A 
$G1524 


LT1525A* 


*LTC Improved proved Replacement: 100% Pin-for-pin compatible with better electrical spec! 


**Similar Device: PI 
Consult tactory for guaranteed TC devices. 


$G1526 LT1526 
$G1527A SG1527A 
LT1527A* 
$G1558 LT1013M* 
$G3524 $G3524 
LT3524* 
SG3525A SG3525A 
LT3525A* 
$G3526 LT3526 


$G3627A SG3527A* 


SIGNETICS PIN LTC DIRECTREPL | TELEDYNE SEMICONDUCTOR 


TSC232 LT1080** 


LT1081** 


TSC911 LTC1050 
TSC913 LT1078** 
TSC914 LT1079** 


TSC918 LTC7652** 
TSC7650 LTC1050 


TSC7652 LTC7652 


LTC1052 


TSC7660 LTC1044* 


TSC9491 LM385-1.2 
LT1004C-1.2 


TSC9495 REFO2 


LT1019M-5 
LT1021-5** 


TSC9496 REFO1E 


LT1021-10** 


LM101A LM101A 
LM107 LM107 
LM108A LM108A 
LM114 LM111 


LTA’ 
LT1011M* 
LM124 LT1014M* 
LM148 LT1014M* 
LM158 LT1013M* 
LM185-2.5 LM185-2.5 
LM311 LM311 
LT311A* 
LT1011C* 
LM317KC LM317T 
LM317AT* 


LM318 
LM323 
LM350 


LT1004 LT1004 
LT1007 LT1007 
LT1008 LT1008 
LT1009 LT1009 
LT1011 LT1011 
LT1013 LT1013 
LT1016 LT1016 
LT1028 LT1028 
LT1037 LT1037 
LT1070 LT1070 
LTC1044 LTC1044 
LTC1052 LTC1052 
MC1558 LT1013M* 
OP07/714C }=9OP07C 
LT1001C* 
OP07/714D mate 


OP07/714E OPO7E 


OP27A OP27A 
LT1007AM* 


OP27B 
OP27C 


OP27E 


OP27F 
OP27G 


OP37A 


LT3527A* OP37B 

OP37C 

TSC PIN LTC DIRECT REPL | OPS7E 
TSC04 LM385-1.2 OP37F 
TSCO5 LM385-2.5 OP37G 


$G1524 
SG1525A 
$G3524 
SG3525A 


UC350 
UC1524 
UC1525A 
UC1527A 
rey 
UC3524 
UC3525A 
UC3527A 


UC3846 
UC3847 


fications. 
lease consult the data sheet to determine the suitability of the replacement for specific applications. 


SILGENPIN LTC DIRECTREPL | TIPIN LTC DIRECT REPL 


LT1007M* 
OP27C 
LT1007M 
OP27E 
LT1007AC* 
LT1007C* 
OP27G 
LT1007C* 
OP37A 
LT1037AM* 
LT1037M* 
OP37C 
LT1037M* 
OP37E 
LT1037AC* 
LT1037C* 
OP37G 
LT1037C* 
Cee 
LT1524* 
SG1525A 
LT1525A* 
$G3524 
LT3524* 
SG3525A 
LT3525A* 


UNITRODE PIN LTC DIRECT REPL 


M117 
LT117A* 
LM137 
LT137A* 
LT1033M** 
LM150 
LT150A* 
LM317 
LT317A* 
LM337 
LT337A* 
LT1033C** 
LM350 
LT350A* 
$G1524 
LT1524* 
SG1525A 
LT1525A* 
SG1527A 
LT1527A* 
LT1846 
LT1847 
$G3524 
LT3524* 
SG3525A 
LT3525A* 
SG3527A 
LT3527A* 
LT3846 
LT3847 
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SECTION 2—OPERATIONAL AMPLIFIERS 


INDEX «2s coasted abt nega ond cles GReeloCnaaeu aeons dicmivs ads Gon oe alec mia tea ted sn Ei eeiecs ad alee ek tated het nero alvat 2-2 

SELECTION GUIDE 8. oisicn. ceca Wa nastics dca Rh owky Ao ha pled wall w Tee Famdibluad Masuhae Ques Epi ase 4ebval daw 'elte wektedticdeien’s 2-4 

PROPRIETARY PRODUCTS 
LTIOQ1, Precision OPAMP: ccccstesetc sixties Se ONCE PELE EA a Aoi ASE R ADE Meda lobind on hd Dak bhsalin 2-11 
LTI001CS8, Precision OPAMP «02... c net e cece eee e dete ebb tebe bt tne be btbbbrbbtbbebrnes 2-23 
LT1002, Dual, Matched Precision OPAMP 0.0.0.0 ccc cnc cece eee tte bbb bbe c bbb bebe bbb ery b eben ens 2-25 
LT1006, Precision, Single Supply OPAMP «0... cee tence tebe debt b bbb bbb bebe bbb bb bbbbb bet Ebs 2-41 
LT1006S8, Precision, Single Supply OPAMP . 0... ccc cece ence ene ete bbb bebe bec b bec cb eb bneeeebes 2-53 
LT1007, Low Noise, High Speed Precision OPAMP... 0... ccc cece ccc cece cucu een te nese tbe teveenseetbbtebebees 2-57 
LT1007CS/LT1037CS, Low Noise, High Speed Precision ODAMPS........ 000.0 c cece cece cece ctu ebvccuteceeteeeeurs 2-69 
LT1008, Picoamp Input Current, Microvolt Offset, Low Nois@OpAMP ... 0.0000 co ccc cc ccc cece cece ccc cutecctuveucntaceennce 2-73 
LT1010, Fast + 150mA Power Buffer... 0.00 ccc ence e ete e eben ence bebe tn ttenbtntvnbentnennys 2-85 
LT1012, Picoamp Input Current, Microvolt Offset, Low NoiseOpAMp .......0 00.0.0 0 cc cece cece nce cceceeuceeceeneuebebnynes 2-105 
LT101258, Picoamp Input Current, Microvolt Offset, Low Noise ODAMP .... 60.600 cc ccc cece eect cece ccucecuepeveenenes 2-117 
LT1013, Dual Precision OPAMP... 0000 ccc ccc cence eee ence e eee eye e bbb ent ebb sb bn bevy tbbbbbbbbbbrbbnS 2-121 
LT1013DS8, Dual Precision OPAMP... 60.0 ccc b nce n eben et eevee b bbe sbtnbetabtbtnbetetnyaes 2-141 
LT1014, Quad PrecisiON OPAMP 0.0.0. e nee e ert b ete n eben eben tbe bnentvnbtenes 2-121 
171022, High Speed, Precision JFET InputOPAMP oo... 6. ccc cece ccc eee e cence ene et eens tabeveturbnnentennentes 2-145 
LT1024, Dual, Matched Picoampere, Microvolt input, Low NoiS@OPAMP .... 0.0. ccc cece cence ce eueensenttaeenens 2-153 
LT1028, Ultra-Low Noise Precision High Speed OPAMP . «0... ccc cece te ce tence teens vteteeeatneunnnes 2-161 
LT1028CS, Ultra-Low Noise Precision High Speed OPAMP... 0. ccc cece ee bene eect eevee een tneenenenbes 2-177 
LT1037, Low Noise, High Speed Precision OPAMP... ccc cnet ene tent e eben evn petbenneaenennes 2-57 
LTC 1049, Low Power Chopper Stabilized Op Amp with Internal Capacitors... 6... ccc ccc ec ccc ence eutenneueentes 13-10 
LTC1050, Precision Chopper Stabilized Op Amp with Internal Capacitors... 0.00... 0 cece ete teen tence tn enenees 2-181 
LTC1051, Dual Precision Chopper Stabilized Op Amp with Internal Capacitors «0.6.6.0. c ete n cnet eneeees 13-13 
LTC1052, Chopper Stabilized OPAMP»... 6. eee en nnn beeen ebb ne bent bbb een btbbnnes 2-197 
LTC1052CS, Chopper Stabilized Op Amp(CSOA™) 0000 ooo e eee e cece eect vrtbnennveretbsetetrenes 2-217 
LT1055, Precision, High Speed, JFET InputOPAMP... 0. cnc che ete e nnn deeb beeen tenentes 2-219 
LT1056, Precision, High Speed, JFETInputOPAMP... 0... ee en tence eer ete netic bees bbb n eens 2-219 
LT1055S8/LT1056S8, Precision, High Speed, JFET InputOPAMPs ..0 0. cence cnet eet bene e bebe nenes 2-231 
171057, Dual JFET Input Precision, High Speed OPAMP... 6... cee beeen e ee tent bree ennenas 2-235 
LT1057S/LT10571S, Dual JFET input Precision, High Speed OPAMP... 6. nce nt c cent e teen tenn e ne eneeneea 2-247 
£71058, Quad JFET input Precision, High Speed OPAMP .. 6... eee tne e eben baby ten eenes 2-235 
LT1077, Micropower, Single Supply, Precision OPAMP .... 600 ccc cc cette been renee tebe een entenbes 13-27 
LT1078, Micropower, Dual, Single Supply, PrecisionOPAMP ..... 0... ner cee tence ene ete teae es 2-251 
LT1079, Micropower, Quad, Single Supply, Precision OPAMP «00. nett eeeen teen ner nent 2-251 
LTC1100, Precision, Single Supply, Instrumentation Amplifier (Fixed Gain=100) 0.0.0.0... cence ence e ne es 13-35 
LT1101, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain=100r 100) ©0000... 0.0 ccc cece cee eee nee 43-36 
LT1102, High Speed, Precision, JFET input Instrumentation Amplifier (Fixed Gain=100r 100) 0.00000. e es 13-48 
L7C1150, + 15V Chopper Stabilized Op Amp with Internal Capacitor... 00.0 ccd ence tee ent e nen ees 13-49 
171178, 17 pA Max, Dual Single Supply, Precision OPAMP... 0... ce tenet e tenn eet n tbe dnt ten nees 2-267 
LT1179, 17 A Max, Quad Single Supply, PrecisionOPAMP ....... 006 cn een tented een teenies 2-267 
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ENHANCED AND SECOND SOURCE PRODUCTS 

LF155/LF355, JFET Input Op Amp, Low Supply Current... 0... eee eee nett eee nesses erences 2-271 
LF155A/LF355A, JFET Input Op Amp, Low Supply Current ........ 0.0.00 e eee eee e eee treet teen entree serene e ees 2-271 
LF156/LF356, JFET InputOpAmp, HighSpeed 0.0.0... reenter nner esses ss 2-271 
LF156A/LF356A, JFET Input Op Amp, High Speed 
LF412A, Dual Precision JFET InputOPAMP «00.2... oe eee eeeeee ee tt er rn eet ernst teers e sree es 
LH2108A, Dual LMIOB OPAMP 0... eet nes 

LM10/B(L)/C(L), Low Power OpAmpand Reference... 0.0... 2... eee cece eee e neers neers ress 
LM101A/LM301A, Uncompensated General Purpose Op Amp 
LM107/LM307, Compensated General PurposeOpAMp ......... 0.2 e eee e erent tener tener etre ere ene eee 
LM108/LM308, SuperGainOpAMp ....0 0.0... cece eee nn errr reer reer s eres eee eres 
LM108A/LM308A, Super Gain OPAMP... 2. cee nr reer renee reer neers eee n es 
LM118/LM318, High Slew RateOpAMp .... 0... eect eet ener eee r teers see eres 
LM318S8, High SpeedOpAmp ..........-6. beeen eee eee 

LT118A/LT318A, improved LM118 Op Amp 
LTC7652, Chopper-Stabilized Op Amp 


OP-05, OP-05A, OP-O5C, OP-O5E, Internally Compensated OPAMP... 0.2.0.0... ee eee eee erent eee tte ete teense 2-321 
OP-07, OP-07A, OP-O7C, OP-O7E, PrecisionOPAMP....-. 60... e eect ten eer r eter ete t ness 2-329 
OP-07CS8, PrecisionOPAMP ...... 202. c eee eee ee ert renee err e erent seen es 2-337 
OP-15A, OP-158, OP-15C, OP-15E, OP-15F, OP-15G, Precision, High Speed JFET InputOpAmp ........ 22... . 22sec ener 2-341 
OP-16A, OP-16B, OP-16C, OP-16E, OP-16F, OP-16G, Precision, High Speed JFET inputOpAmp ......... 06.22 seer eee see erence 2-341 
OP-27A, OP-27C, OP-27E, OP-27G, Low Noise, PrecisionOpAMP..... 2.226. c cece eee terete etter ete n ees 2-345 
OP-37A, OP-37C, OP-37E, OP-37G, Low Noise, High Speed OPAMP... 1... cette teen tenets 2-345 
OP-215, Dual Precision JFET InputOpAMp ... 2.0... 060 ee etree etree ees 2-275 
OP-227A, OP-227C, OP-227E, OP-227G, Dual Matched, LowNoiseOpAmp ..... 2... eee ee eee etree 2-357 
OP-237A, OP-237C, OP-237E, OP-237G, Dual High Speed, Low NoiseOpAMp ...... 6... eee eee eee ene tenet e tenes 2-357 
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TECHNOLOGY 
MILITARY 
[ ELECTRICAL CHARACTERISTICS 
Vos TC {p Avon SLEW RATE NOISE 
MAX Vos MAX MIN MIN MAX 10Hz PACKAGES 
PART NUMBER «) qvec) | (ny (Vimv) | (Vins) (nvivHz2) AVAILABLE IMPORTANT FEATURES 
SINGLE aie; 
LT1001AM 15 0.6 2.0 450 0.15 18 H, J8 Extremely Low Offset Voltage 
LT1001M 60 1.0 38 400 0.15 18 H, u8 Low Noise, Low Drift 
LT1006AM 50 13 15 1000 0.25 4 oat H, J8 Single Supply Operation, Fully 
LT1006M 80 18 5 700 02 | 2at H, J8 Specified for + 5V Supply 
LT1007AM 25 0.6 35 | 7000 17 45 H, J8 Extremely Low Noise, Low 
60 1.0 55 5000 17 45 H, J8 Drift 
120 15 01 200 0.1 30. H |__Low Bias Current, Low Power 
LT1010M 90mV o.emviect 150pA 0,995 75 got HK High Speed Buffer, Drives 
_| + 10V into 759, 
LT1012M 0.1 30 H Low Vos, Low Power 
| _LT1022AM Very High Speed JFET Input 
LT1022M Op Amp with Very Good DC 
S 
LT1028AM loise, High Speed, 
LT1028M w Drift 
LT1037AM Extrerggly Low Noise, High 
LT1037M KS 
LT1055AM LPoW: Offset, JFET input 
LT1055M Op Amp Combines High 
LT1056AM Speed and Precision 
LT1056M 
LT1077AM Micropower, Single Supply, 
LT1077M Precision, Low Noise 
LTC1050AM No External Caps Required, 
LTC1050M asm Chopper Stabilized 


LTciosem Wee 5 | Oem SV Chopper Stabilized Low Noise 


LF155A JFET Inputs, Low | Bias, No 

LF155 Phase Reversal, Guaranteed 

LF156A TC Vog on all Grades 

LF156 

LM10 On-Chip Reference Operates 
with + 1.2V Single Battery 

LM101A Uncompensated Gen. Purp. 

LM107 Compensated Gen. Purp. 

LM108A Low Bias Current, Low 

LM108 Supply Current E.24| 

|_LM118 High Speed, 15MHz 


LT118A 1000 250 H, J8 High Speed, 15MHz 
H, J8 Low Noise, Low Offset Drift 
H, 38 with Time 
H, J8 Low Initial Offset, Low Noise, 
H, J8 Low Drift 
H | Precision JFET Input, Low | 
4 Blas, No Phase Reversal 
H 
H Precision JFET input, High 
H Speed, No Phase Reversal 


4 
H, J8 Very Low Noise, Unity Gain 
H, J8 Stable 
H, J8 Very Low Noise, Stable for 
H, 38 Gains25 
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MILITARY 
ELECTRICAL CHARACTERISTICS in 
Vos TC Ip Avot SLEW RATE NOISE ls 
MAX Vos MAX MIN MIN MAX 10Hz PACKAGES 
PART NUMBER vy) | @wecy |) (vimv) (Vis) ‘i (nVivH2) AVAILABLE IMPORTANT FEATURES 
DUAL _ 
LTIO02AM | 80 [09 [30 400 0.15 20 [ J Dual, Matched LT1001 High, 
LT1002M 100 1.3 45 350 015 | 20 J CHES, PSRR Matching 
LT1013AM 150 2.0 20 1500 0.2 aat H, J8 Precision Dua! Op Amp in 
LT1013M 300 25 0 1200 0.2 2at H, J8 8-Pin Package 
LT1024AM 50 4.5 0.12 250 a ee <) D Low Vos, Low Power, 
LT1024M |__ 100 2.0 0.20 180 | %3 D__|_ Matching Specs 
LT1057AM 450 7 0.05 150 10 Bb H,u8 Low Offset, JFET Input 
171057M 800 12 0,075 100 8 7 80 y H, J8 Multiple Op Amps Combine 
High Speed and Excellent OC 
8 i _|__Specs 
LT1078AM 70 2.0 0.25 250 o.ort 40 al H, J8 Micropower, Precision, Single 
LT4078M tao | 25 || 035 | 200 oort agt Hue | Supply, Low Noise Dual 
LT1178AM 70 22 5 140 0.013 B _H,d8 17uA Max, Single Supply, 
LT1178M 120 30 6 | 10 oo | sor] SN Dual 
LF412AM 4000 10 04 400 40 2ote H, jormance Dual JFET 
areas (nput Op Amp 
LH2108A 500 5.0 2 | 40 0.1 f 30 D Bias Current,Side | 
LH2108 2000 0 | 2 25 o. D ckage 
|__OP.215A _| 1000 | 10 0.4 150 1 . ferformance Dual JFET 
OP-215C 3000 20 0.2 2ot* Input Op Amp 
[_OP-227A 80 1.0 J Dual Matched OP-27 
OP-227C 480 J 
| Op2v7A_ | 80 6 J __| DuaiMatched OP-37 
OP-237C 190 9 J 
QUAD 
LT1014AM 0.2 gat | J Precision Quad Op Amp 
LT1014M 1200 02 mat | in 14-Pin Package | 
| LT1058AM 150 10 75 J Low Offset JFET Input 
LT1058M 15 0.075 100 8 80 J Multiple Op Amps Combine 
High Speed and Excellent DC 
|__ Specs 
LT1079AM 120 4 2.0 0.25 250 ‘ o.o7t ey 40 J Micropower, Precision, Single 
[__LT1070M | 160 25 0.35 | 200 o.o7t aot J Supply, Low Noise Quad 
LTA179AM 100 | 22 3 [ 4 | oo | iG J 17yA Max, Single Supply, | 
LT1179M 150 30. | 6 110 0.013 Fe Precision Quad 
t Typical Spec 
* 100Hz Noise 
** DC to 1Hz Noise 
COMMERCIAL 
ELECTRICAL CHARACTERISTICS 
Vos Te Ib Avou SLEW RATE NOISE 
MAX Vos MAX MIN MIN MAX 10Hz PACKAGES 
PART NUMBER W) (VIC) (nA) (VimV) (Vis) (nVivHe) AVAILABLE IMPORTANT FEATURES 
SINGLE 
LT1001AC 25 0.6 | __20 up 450 0.15 18 H, J8, NB Extremely Low Offset Voltage 
LT1001C 60 4.0 38 | 400 0.15 18 H,J8,N8,S8__| Low Noise, Low Drift 
LTA006AC 50 13 6 | 1000 | 088 aat 4,48 Single Supply Operation, Fully 
LT1006C 80 18 t 25 700 0.25 aat H, J8, NB Specified for + 5V Supply 
17100688 400 35 5 700 | 0.25 26 if $8 
LT1007AC 25 0.6 1 3 7000 [ 17 | 45 H, J8, N8 Extremely Low Noise, Low | 
LT1007¢6 60 1.0 55 5000 17 45 H, JB, N8,S Drift 
LT1008C 120 15 0.1 200 0.1 30 H,N8 Low Bias Current, Low Power 


ee 
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COMMERCIAL 
Pr a = ELECTRICAL CHARACTERISTICS 
Vos té | tp Avo. | SLEW RATE NOISE 
MAX Vos MAX MIN MIN MAX 10Hz PACKAGES 
I PART NUMBER wy) |__ wre) (nA) (Vimy) (Vips) (nVivH2) | AVAILABLE IMPORTANT FEATURES 
SINGLE 
LT1010C 100mV o.emviect 250nA 0.995 7 got H, K, T High Speed Buffer, Drives 
| + 10V into 750. 
{_LT10124 25 06 100 300 | ir 30 H,N8 Low Vos, Low Power 
LT1012C 50 15 0.15 200 01 30 H,NB 
[trrotap Ca 200 01 ee ae 
LTioss | 120 18 0.28 200 T 04 30 $8 [ 
LT1022AC 250 5.0 0,05 150 23 50 H Very High Speed JFET Input 
— . 
[ trt022cH 600 90 [ 0.05 wo | 18 60 H Op Amp with Very Good DC 
LTiozacna——_| 1000 15.0 0.05 100 18 60 Na Specs 
LT1028AC 40 0.8 90 7000 11 | 17 H, J8, NB Lowest Noise, High Speed, 
LT1028¢ 80 10 180 6000 | " 19 | -Hv8,N8,5 | LowDritt 
LTI037AC % 06 | 3 | ~—7000 " 45 H, J8, NB Extremely Low Noise, High 
LT1037C 60 1.0 56 5000 11 45 H, J8, N8, S Speed 
LT1055AC 150 4 0.05 150 | 10 50 H Lowapt Offset, JFET Input 
LT1055C 400 | 8 {0.06 1200 | 75 60 H My coniesih 
LT105SCN8 700 12 0.05 120 75 60 peerand Precision 
7105688 | —_—1500 15 a1 | 120 75 70 
LT1056AC 180 4 0.05 150 | 12 H 


LT1056C 
LT10560N8 
LT10568 
LTHO77AC [04 |e 

uT10776 60 04 ge TR PO | lg 
LTC1050AC é I 


———| 
Micropower, Single Supply, 
Precision, Low Noise 


No External Caps Required, 
Chopper Stabilized 


at 0.5yVp-p** H, NB, N Chopper Stabilized, Low Noise 
—— 
LTC7652C at 0.5:Vp-p** H, NB 
LFS55A 0.05 6 5 ost H, NB JFET Inputs, Low | Bias, No 
LF356A 0.05 75 10 [ste H,N8 Phase Reversal 
at 20 120 - 50t H, J8 On-Chip Reference, Operates 
at 20 60 a = aot H,J8 with + 1.2V Single Battery 
ee = sot H, 08, NB 
st 30 40 - sot | _H,u8,N8 
5 7 | 6 0. i Low Bias, Supply Current 
[250 | 200 50 at LH AB,NB High Speed, 15MHz 
500 25 50 4ot H, 8, N8, $8 High Speed, 15MHz 
45 7 120 0.1 20 H, J8, N8 Low Noise, Low Offset Drift 
2.0 4 200 04 18 H, J8, N8 with Time 
18 7 120 0.4 20 {_H,J8, N8, $8 Low Initial Offset, Low Noise, 
13 4 200 04 18 H, J8, N8 Low Drift 
5 0.05 100 10 20te H, NB Precision JFET Input, Low | 
10 i 04 5 I 75 \ 20T H,N8 Bias, No Phase Reversal 
15 0.2 50 | 5 2ot* H,N8 
5 0.05 100 18 2ote H, N8 Precision JFET Input, High 
10 { ot [| 7% 12 ate H,N8 Speed, No Phase Reversal 
45 0.2 50 9 aot» H, N8 
0.6 40 1000 17 §5 H, J8, N8 Very Low Noise, Unity Gain 
18 80 700 17 8.0 H, N8 Stable 
0.6 40 1000 1 §5 H, J8, N8 Very Low Noise, Stable for 
18 80 700 11 8.0 H, N8 Gains 25 
LT1002AC | 0 | 09 ' 30 | 40 | O15 20 JN Dual, Matched LT1001 High 
tT1002C | 10 | 13 45 350 | 0.15 20 JN CMRR, PSRR Matching 
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COMMERCIAL 
i ELECTRICAL CHARACTERISTICS 4 | 
Vos TC lb Avot SLEW RATE NOISE 
MAX Vos MAX MIN MIN MAX 10Hz PACKAGES 
PART NUMBER R) wc) | (nA) (Vimy) (Vis) (oViVH2) AVAILABLE IMPORTANT FEATURES 
DUAL 
LT1013AC 160 20 20 a 1500 0.2 2at H, J8 | Precision Dual Op Amp 
LT1013C go | 5 3% 1200 02 eat H, J8, N8 in8-Pin Package 
LT10130__— | 800 50 30 1200 0.2 aat___| NSB 
LT1024AC 50 15 0.12 250 of B N Low Vos Law Poves 
al 
EKG zs ap i a = fi i ai tow aoe ta 
} F put 
LT{057ACN8 450 40 0.05 150 10 6 NB = Multiple Op Amps Combine 
LT1067C 300 12 0.075 100 8 80 4,38 estat and Excellent DC 
LT1057CN8 800 16 =f 0.075 100 8 80 NB 
LT1057S _| 2000 st 0.1 400 8 13 s 
LT105718 2000 st 0.1 a 100 8 13 S 
|_LT1078AC 70 2.0 8 250 o.o7t 40 H, J8, N8 Micropower, Precision, 
LT1078C wo | 25 | 10 200 o.ort aot H, J8, N8 Single Supply, Low Noise Dual 
LT1178AC 70 2.2 5 140 0.013 75 H, J8, NB 17,4 Max, Single Supply, 
{_&T11780 {120 3.0 6. | to 0.013 sot H, J8,N8 BGio" Dual 
LF412AC 1000 10 <i 04 100 10 20t* H, aii! WyigtPerformance Dual JFET 
OP-215E 1000 10 04 150 10 2ot* wa Input Op Amp 
OP-215G 3000 20 0.2 50 8 a 3 ms J8, NB 
OP-227E 80 1.0 40 3000 17 Al “ J,N SWwiched OP.27 
wus —_[ ee 5b ac: atl 
OP-237E 80 1.0 | 200m (te Me | 6 OR | DualMatchedoP.37 
OP-2376 180 18 80 7 \ WA ©) 
lo — oJ? ew —e E 
LTI014AC 180 ge OM 2P 1500 | mR et || Precision Quad Op Amp 
LTI0MC 00 eee | pe ER tn | in 4 Pin Package 
LT1014D eC ee: | on meiegs on fot TN 
Sw PT 0 eee | tT Low Oftset JET Input 
LT1058ACN YW ae, Bo 150 10 [7 | _N ___|_ MultipleOpAmps Combine 
LT10586 mm oors_| 400 8 80 J High Speed and Excetlent DC 
LT1058CN ~\ > ) Dele? 0.075 100 8 80 N sai 
LT1079AC | HH 120 2.0 8 250 o.o7t 40 JN Micropower, Precision, Single 
LT1079C 150 25 10 200 o.o7t aot JN Supply, Low Noise Quad 
LT1179AC 100 22 [5 L140 0.013 5 JN 17pA Max, Single Supply, 
LT1179C 150 3.0 6 110 0.013 50t J,N Precision Quad 


t Typical Spec 
* 100Hz Noise 
** DC to 1Hz Noise 
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SELECTION BY DESIGA PARAMETER 


LOW OFFSET VOLTAGE 
Max Input Offset Voltage (Ta = 25°C) 


r 


S15V s25V s75V 150pV <imV 
LTI001AM LT1001AC LT i001 cT1002 [T1013(0) 
LTC10504 LTH007A LTA002A (D) 71006 £71014 (0) 
LTC1050 LTH012A LT1006A 171008 LT10144 (Q) 
LTC1052 LT1037A LT1007 LT101258 (T1022 ALL 
LTc7e52 OP-07A LT1912 LT1013A (0) LT1055¢ 

OP-27A LT10120 T1024 (0) LTA055M 
OP-27E 17101288 LT 1028 LT1056AM 
OP-37A LT1024A (0) LT1055AM LT0564C 
OP-37E (T1037 LT1055AC LT1056M 
T1077 LT1079A (Q) LT1056¢ 
LT10784 (0) LT1178 (0) LT1087 ALL (0) 
LT1178A (0) LT1179A (Q) T1058 ALL (Q) 
OP.O7E L71179(Q) 111078 (0) 
OP.07 OP-05A T1079 (Q) 
OP-07C, D LFAI2A 
oP-27c LH2108A (0) — 
OP-376 LM108 
OP-227A, E(D) 3 
OP-237A, E(D) P 
Coen ae 
LE or oP. atl 
OP-215A, E(D) 


meee gE "ev isF 


<0.2nA [ s5nA <10nA 
LT1008 TOMA LT1001 LT1077A 
LT1012 ALL LT1002A (D) LT1002 (0) LT1078A (D) 
LT1022 ALL T1006 ALL LT1178A (D) LT1079A (Q) 
LT1024 ALL (D) L108 LT1179A (Q) LT1078 (0) 
LT1055 ALL LM108A OP-05E LT1079 (Q) 
LT1056 ALL OP-05A OP-O7E LT1178(D) 
LT1087 ALL (D) OP.05 LT1179 (Q) 
LT1058 ALL (Q) OP-07A OP-05C 
LF155 ALL OP-07 LM308A 
LF156 ALL 
LF412A ALL 
LTC7652 
LTC1080 
LTC1052 
OP-15 ALL 
OP-16 ALL 
OP-218 ALL (D) 


(D}—Dual Op Amp 
(Q)—Quad Op Amp 
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SELECTION BY DESIGN PARAMETER 


LOW NOISE 


Typ Equivalent Input Noise Voltage 
per V/Hz, f= 10Hz, Rs = 1000 


sinViVHz <25nViVHz 
LT1028 ALL LT1001 ALL 
LT1002 ALL (D) 
LT1006 ALL 
171008 
<5nVVAz LT1012 
LT1007 ALL LT1013 ALL (D) 
£11037 ALL LT1014 ALL (D) 
OP-27 ALL LT1022 ALL 
OP-37 ALL LTC1050 
OP-227 ALL (D) LTC1052 
OP-237 ALL (D) *1T1055 ALL 
*LT1056 ALL 
LTC7652 
*LFI55 ALL 
*1F365 ALL 
*LF156 ALL 
OP-05 ALL 
OP-07 ALL 
*OP-15 ALL 
*OP-16 ALL 
*100Hz Noise 
HIGH SLEW RATE 
Typ Slew Rate 


210Vins 


LT1097 ALL 
T1055 ALL 
LT1056A 
OP-37 ALL 
OP-16A,B 
OP-16E, F 
OP-237 ALL (0} 
LF4124 (D) 
OP-215A, E (0) 
LT1057A (0) 
LT1058A (Q) 


LT118A/31 


gow 


PACKAGES 


bs 


ooo 


led 
iP 


Lee! 
erin 


aed 


LOW POWER 
Maximum Supply Current (per Amplifier) 
<50yA <60,A simA 
LT1078A (D) L11077 
LT1079A (Q) 111078 (D) 
LT1178A (0) LT1079(Q) LT1012 ALL 
LT1178 (0) LT1013(0) 
LT1179A Q) LT1014 (Q) 
LT1179(Q) 171024 (0) 
LH2108A (D) 
HIGH GAIN 
Typ Open Loop Gain 


LT1001 
0 
€ 
71008 sq 
LT1012 ALL 
LTggA LT1037 
L OP-27 
OP-37 
‘OP-07 OP-227 (D) 
LT1077 OP-237 (D) 
171078 (D) LTC1050 
171079 (Q) LTC1052 
L11178(D) LTC7652 
LT117910) 


(D)—Dual Op Amp 
(Q}—Quad Op Amp 


PRN 


H 18 J NB N 08 

TO5 | HERMETIC | HERMETIC | PLASTIC ) PLASTIC | HERMETIC PLASTIC 

8 LEAD DIP DIP DIP IP DIP oP so ) SOL TOLEAD 
1oLeaD | LEAD | 14LEAD | 8LEAD | 14LEAD | B8LEAD | ‘14LEAD | 8LEAD | 14LEAD 16 LEAD 
16LEAD 16 LEAD 18LEAD 16 LEAD 18LEAD 
18LEAD 1B LEAD 18 LEAD 20 LEAD 
20 LEAD 20 LEAD 24 LEAD 
ies, 24LeaD |  ———s|_—24LEAD | L 28 LEAD 


NOTES 
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y LIN T1001 
TECHNOLOGY Precision Operational 


Amplifier 

FEATURES DESCRIPTION 

a Guaranteed Low Offset Voltage The LT1001 significantly advances the state-of-the- 
LT1001AM 15uV max art of precision operational amplifiers. In the design, 
LT1001¢ 60uV max processing, and testing of the device, particular atten- 

= Guaranteed Low Drift tion has been paid to the optimization of the entire dis- 
LT1001AM 0.6nV/°C max tribution of several key parameters. Consequently, the 
LT1001C 1.0uV/°C max specifications of the lowest cost, commercial tempera- 

= Guaranteed Low Bias Current ture device, the LT1001C, have been dramatically im- 
LT1001AM 2nA max proved when compared to equivalent grades of 
LT1001C 4nA max competing precision amplifiers. 

= Guaranteed CMRR 


Essentially, the input offset voltage of all units is less 
than 50..V (see distribution plot below). This allows 
the LT1001AM/883 to be specified at 15... Input bias 
and offset currents, common-mode and power supply 
rejection of the LT1001C offer guaranteed perfor- 
mance which were previously attainable only with ex- 
pensive, selected grades of other devices. Power 
dissipation is nearly halved compared to the most 
popular precision op amps, without adversely affect- 
ing noise or speed performance. A beneficial by-prod- 
uct of lower dissipation is decreased warm-up drift. 


LT1001AM 114dB min 
LT1001C 110dB min 
= Guaranteed PSRR 
LT1001AM 110dB min 
LT1001C 106dB min 
Low Power Dissipation 
LT1001AM 75mW max 
LT1001¢ 80mW max 
= Low Noise 0.3Vp-p 


Output drive capability of the LT 1001 is also enhanced 
APPLICATIONS with voltage gain guaranteed at 10 mA of load current. 
= Thermocouple amplifiers For similar performance in a dual precision op amp, 
= Strain gauge amplifiers — with guaranteed matching specifications, see the 
= Low level signal processing LT1002. Shown below is a platinum resistance ther- 
= High accuracy data acquisition mometer application. 

Linearized Platinum Resistance Thermometer Typical Distribution 
with + 0.025°C Accuracy Over 0 to 100°C of Offset Voltage 
1MEG.* * Vs = + 15V, T, = 28°C 


R plat.t 
954 UNITS 


FROM THREE RUNS 


| 


ig 
= 
ry 


20k 


a 
So 


OUTPUT 
LINEARITY 0 to 10V = 
TRIM Oto 100°C 


NUMBER OF UNITS 


2 
i=) 
ro | 


OFFSET TRIM 


a Pig 105A WIREWOUND + Trim sequence: trim offset (0°C = 1000.09), -60 -40 -20 0 20 40 60 

f trim linearity (35°C = 1138.70), trim gain 

t PLATINUM RTD (00°C = 1392.60), Repeat wei all toe INPUT OFFSET VOLTAGE (MICROVOLTS) 
418MF (ROSEMOUNT, INC.) points are fixed with + 025°C. 


me, EON In SoU SS 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage..................0.00005 +£22V 

Differential Input Voltage................ +30V ore = ORDER PART NUMBER 

Input Voltage... 0.0.0... eee eee ees +22V 

Output Short Circuit Duration........... Indefinite © Old TiooWe 

Operating Temperature Range = a ie LT1001ACH 
LT1O01AM/LT1001M......... —55°C to 150°C LT1001CH 
LTIOO1AC/LT1001C ............ 0°C to 125°C 
Storage: All Devices.......... — 65°C to 150°C cas 

Lead Temperature (Soldering, 10 sec.)...... 300°C arate 


TOP VIEW 


LT 100 1AMJ8/883 
LT1001MJ8 
LT100 1ACJ8 
LT1001CJ8 


J8 PACKAGE 
8 PIN HERMETIC DIP 


N8 PACKAGE LT1001ACN8 
8 PIN PLASTIC DIP LT1001CN8 


ELECTRICAL CHARACTERISTICS y, = = 15v, 1, = 25°C, unless otherwise noted 


LT1001AM/883 
LT1001AC LT1001M/LT1001C 
Lud TYP _—sMAX 


SYMBOL PARAMETER CONDITIONS MIN =TYP)~—s MAX N 
Vos Input Offset Voltage Note 1 LT1001AM/683 ; us 18 60 
LT1001AC 
AV, Long Term input Offset Voltage 
A time 


it Stability Notes 2 and 3 
Input Offset Current 
—o 


. #V/month 
. ate 
ty Input Bias Current +4 
en Input Noise Voitage 0.1Hz to 10Hz (Note 2) . 
en Input Noise Voltage Density fo = 10Hz (Note 5) 
k = 1000Hz (Note 2) 


Large Signal Voltage Gain Ry = 2kQ, Vo = + 12V 
Ry = 1k9, Vo = + 10V 


Avo. 

CMRR Common Mode Rejection Ratio Vom = + 12V 

PSRR Power Supply Rejection Ratio Vs = +3V to + 18V 
Rin Input Resistance Differential Mode | (Note 4) 


Input Voltage Range 
Maximum Output Voltage Swing 


Slew Rate 
Gain-Bandwidth Product 


Power Dissipation 


R. = 2ko (Note 4) 


No load 
No load, V, = +3V 


See Notes on page 3. 
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LT1001 
ELECTRICAL CHARACTERISTICS Vs = +15¥, —55°C < T, < 125°C, unless otherwise noted 


LT1001AM/883 LT1001" 
mins TYP)—s MAX TYP —sMAX 
30 60 
0.3 1.0 


SYMBOL PARAMETER CONDITIONS 


Vos Input Offset Voltage 
AVos Average Offset Voltage Drift F 0.6 HIPC 
A Temp 


Input Offset Current e 
Finput Bias Current —S«d| SS SSC~C~<C~S~s Oe #15 +80 
Large Signal Voltage Gain R > 2k, Vo = + 10V e 
Common Mode Rejection Ratio 


Power Supply Rejection Ratio = +3to + 18V 
Input Voltage Range 


Vour Output Voltage Swing 


Py __| Power Dissipation 


Vs = +15V, 0°C < T, < 70°C, unless otherwise noted 


SYMBOL PARAMETER CONDITIONS 


Vos Input Offset Voltage 
AV, Average Offset Voltage Drift 
A Temp 


Input Offset Current 
Input Bias Current 


Avow Large Signal Voltage Gain RL = 2kQ, Vo = + 10V 
CMRR Common Mode Rejection Ratio Vom = + 18V 
PSRR Power Supply Rejection Ratio Vs = +3V to + 18V dB 


Input Voltage Range 
Output Voltage Swing R. > 2kQ 
Power Dissipation No load 


The @ denotes the specifications which apply over the full operating Note 2: This parameter is tested on a sample basis only. 


temperature range. Note 3: Long Term Input Offset Voltage Stability refers to the 

Note 1: Offset voltage for the LT1001AM/883 and LT1001AC are averaged trend line of Vo versus Time over extended periods after 
measured after power is applied and the device is fully warmed up. the first 30 days of operation. Excluding the initial hour of operation, 
All other grades are measured with high speed test equipment, changes in V,, during the first 30 days are typically 2.5nV. 


approximately 1 second after power is applied. The LT 1001AM/883 Note 4: Parameter is guaranteed by design. 


receives 168 hr. burn-in at 125°C. or equivalent. Note 5; 10Hz noise voltage density is sample tested on every lot. 
Devices 100% tested at 10Hz are available on request. 


— 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Typical Distribution of Offset 
Voltage Drift with Temperature 


265 UNI 
TESTE! 


NUMBER OF UNITS 


-10 -06 -0.2 0+02 +06 +10 
OFFSET VOLTAGE DRIFT (4V/°C) 


0.1Hz to 10Hz Noise 
g 
g 
3 
5 
TIME (SECONDS) 
Input Bias and Offset Current 
vs Temperature 
14 
Z i2 
ra 
i 1.0 
% 08 § 
3 06 
2 CURRENT 
g 0.4 | 
3 ig |__| 
OFFSET CURRENT 


-50 -25 0 25 S80 765 100 125 
TEMPERATURE (°C} 


Offset Voltage Drift with Temperature 
of Representative Units 


50 
40 
30 
= 
5 20 
ce] 10 
= 
30 
= 
3-10 
3-20 
-30 
-40 
-50 
-50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 
Noise Spectrum 
100 10 
Ta~ 25°C t 
Vg = +3 to + 18V 
TFCORNER eT 
nu 
& 30 ate (||| 3 & 
4 {4 +11} $ 
$ 
= RX I z 
8 LTAGE 8 
8 10 10 6 
z= =z 
uy land 
fo} = 
= ae é 
4 1/f CORNER 3 
3 70Hz mI 0.3 
| CURRENT 
1 = 0.1 
1 10 100 4000 
FREQUENCY (Hz) 
Input Bias Current 


Over the Common Mode Range 


DEVICE WITH POSITIVE INPUT CURRENT 


Vg = + 15V 
Ta = 25°C 


INPUT BIAS CURRENT (nA) 
“l oS s 


-5 = 
——— | 
DEVICE WITH NEGATIVE INPUT CURRENT 


Il 
2 


COMMON-MODE Sal 
INPUT RESISTANCE = -281° .. 28060 
15 b ink zi 
18 -10 -5 0 5 10 15 


COMMON-MODE INPUT VOLTAGE 


ao + 


n 


CHANGE IN OFFSET VOLTAGE (MICROVOLTS) 


OFFSET VOLTAGE CHANGE (xV} 


30 


ix} 
i) 


INPUT BIAS CURRENT {mA} 
3 


INVERTING OR NON-INVERTING 


Warm-Up Drift 


METAL CAN (H) PACKAGE 


QUAL-IN-LINE PACKAGE 
ASTIC (N) OR CERDIP (J) 


9 { 2 3 4 5 
TIME AFTER POWER ON (MINUTES) 


Long Term Stability of Four 
Representative Units 


TIME (MONTHS) 


\nput Bias Current vs. 
Differential Input Voltage 


T TITTY TT 
Vg = + 15V 
Ta = 25°C 


0.1 0.3 1.0 3.0 10 30 
+ DIFFERENTIAL INPUT (VOLTS) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Open Loop Voltage Gain Open Loop Voltage Gain 
vs Temperature Frequency Response Gain, Phase Shift vs. Frequency 
— .— 140 a 20 80 
120 100 
_. 1200k t 16 
= B 100 Ta = 25°C 2 
z 1000k Zz aq 120 & 
oS Vg = + 15V, Vo = +12V © 80 = & 
& 800k 8 Vg = = 15V Zz 8 40 3 
2 3 60 , 5 te 
= +3V,Vo=-+1 2 
a, 600k Vg = +3V, Yo = + 1V va | 4 GAN 1250 160 i 
fo 3 eis ° ' BRP 
5 mole em L Vg = 23V o | Gaw2e%c a -s6°¢ 1 y0 = 
Es 5 Vg = + 15V 
= | at 
e0ok 0 4 PHASE MARGIN 85°C ~ 63° _ 
125°C = 57° 
0 -20 + + -g lL tL 220 
-50 -26 0 25 50 75 100 125 0.4 #4 10 100 1k 10k 100k 1M 10M 0.1 0.2 0.5 1 2 
TEMPERATURE (°C) FREQUENCY (tz) FREQUENCY (MHz) 
Common Mode Limit Common Mode Rejection Ratio Power Supply Rejection Ratio 
vs Temperature vs Frequency vs Frequency 
140 — 440 — oT 
, _ 120 = 16V x Wp-p _ 
ae g g TA = 25°C 
5 
23 3 B 100 
br 2 8 NEGATIVE SUPPLY 
z 5 a @ 80 }—— 
> 
8 3 g 2 6 POSITIVE SUPPLY 
z2 > 
= g a 
3 c = g ie 
SH 8 2 
20 
ou 1 ee. | 
~50 -25 0 25 50 75 100 125 1 10 100 Kk 10k «100k «= 1M 0.1 1.0 10 100 tk 10k = 100k 
TEMPERATURE °C. ' FREQUENCY (Hz) FREQUENCY (Hz) 
Output Short Circuit Current 
Supply Current vs Supply Voltage Output Swing vs. Load Resistance vs Time 
16 wy T 50 
+ & 40 
2.0 NEGATIVE il os 
z “58°C B50 a 2 | EZ 30 
= 5 58 
E 3 ' g? 20 
Z 15 ‘ = ae = 
3 425°C 3 POSITIVE SWING a 3 «(1 
3 = 8 t 1 i = 
5 | E | Ba -10 
az 10 > | | e 
s = | S20 ° 
a > | Eo if 25°C 
o 4 —L ot oz 
Os oF es 30 = 55° 
| Vg = = 18V!! a 
Ta = 25°C |i 40 ag a ool 
—— | pil Lh} 60 
+3 +6 +9 412 +15 +18 +21 100 300 1000 3k 10k 0 1 2 3 4 
SUPPLY VOLTAGE (V) LOAD RESISTANCE (22) TIME FROM OUTPUT SHORT (MINUTES) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Voltage Follower Overshoot 


Small Signat Transient Response vs Capacitive Load Small Signal Transient Response 
100 [ 
Vg = + 18V 
80 ve 2 eo 


RL > 50k 
| 


PERCENT OVERSHOOT 
2 
3S 
eee 


1000 
Ay = +1, CL = 50pF 


CAPACITIVE LOAD (PICOFARADS) 


10,000 100,000 


Ay = +1, CL = 1000pF 


Maximum Undistorted 


Large Signal Transient Response 


Output vs. Frequency 


Closed Loop Output Impedance 


28 ameatit 


TW 


OUTPUT IMPEDANCE( 2) 


OUTPUT VOLTAGE, PEAK-TO-PEAK (VOLTS) 


; WI 


1 10 


FREQUENCY (kHz) 


100 1000 


FREQUENCY (Hz) 


APPLICATIONS INFORMATION 


Application Notes and Test Circuits 

The LT1001 series units may be inserted directly into 
OP-07, OP-05, 725, 108A or 101A sockets with or 
without removal of external frequency compensation 
or nulling components. The LT1001 can also be used 
in 741, LF 156 or OP-15 applications provided that the 
nulling circuitry is removed. 

The LT1001 is specified over a wide range of power 
supply voltages from +3V to + 18V. Operation with 
lower supplies is possible down to + 1.2V (two Ni-Cad 
batteries). However, with + 1.2V supplies, the device 
is stable only in closed loop gains of +2 or higher (or 
inverting gain of one or higher). 

Unless proper care is exercised, thermocouple effects 
caused by temperature gradients across dissimilar 


metals at the contacts to the input terminals, can ex- 
ceed the inherent drift of the amplifier. Air currents 
over device leads should be minimized, package leads 
should be short, and the two input leads should be as 
close together as possible and maintained at the same 
temperature. 


Test Circuit for Offset Voltage and its Drift with Temperature 
*50k 


Vo 


* RESISTORS MUST HAVE LOW 
THERMOELECTRIC POTENTIAL. 


** THIS CIRCUIT IS ALSO USED AS THE BURN-IN 
CONFIGURATION FOR THE LT1001, WITH SUPPLY 
VOLTAGES INCREASED TO + 20V, R1=R3= 10k, 
R2= 2000, Ay= 100. 


—15V 


Vo = 1000 Vos 
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Offset Voltage Adjustment 


The input offset voltage of the LT 1001, and its drift with tem- 
erature, are permanently trimmed at wafer test to a low level. 
owever, if further adjustment of Vos is necessary, nulling with 

a 10k or 20k potentiometer will not degrade drift with tempera- 
ture. Trimming to a value other than zero creates a drift of (Vos/ 
300) wV/°C, 2a. if Vos is adjusted to 300 V, the ped in drift 
will be 1 »V/°C. The adjustment range with a 10k or 20k pot is 
approximately + 2.5mV. If less adjustment ame is needed, the 
sensitivity and resolution of the nulling can be Improved by us- 
ing a smaller pot in conjunction with fixed resistors. The exam- 
ple below has an approximate null range of + 100 nV. 


Improved Sensitivity Adjustment 


+ 15V 


(INPUT 
OUTPUT 


— 15V 


0.1Hz to 10Hz Noise Test Circuit 


109 


(Peak to Peak noise measured in 10 Sec interval) 


The device under test should be warmed up for three minutes 
and shielded from air currents. 


DC Stabilized 


1000v/usec Op Amp 


45-60pF 
TUSOND # 519-3108 


2N4440 
22) TANTALUM, 
aes 


1k 
at 


FULL POWER *ADJUST FOR 
BANDWIDTH 8MHZ BEST SQUARE WAVE 


LT WR 


LT1001 


TYPICAL APPLICATIONS 


Microvolt Comparator with TTL Output 


Positive feedback to one of the nulling terminals cre- 
ates 5 » to 20 uV of hysteresis. input offset voltage is 
typically changed by less than 5V due to the 
feedback. 3 


Precision Current Source 


c 


RC = wo] 


Vn 
Oto(v- + 1) 


2N2219 


Photodiode Amplifier 
100pF 


500K 1% 


OUTPUT 
1W/uA 


100pF 


Precision Current Sink 


V+ = 2to 35V 


Vin 
Otowv+ — 1Y) 


2N22 19 


REFERENCE OUT 


OTO 10V 
out 


GAN 
TRiM 


* RNGOC FILM RESISTORS 
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Large Signal Voltage Follower eee : 
Wi crib te Were Case Acdrats rejections. Worst-case summation of guaranteed 


specifications is tabulated below. 


+12 to + 18V 


OUTPUT ACCURACY 


LT1001AM LT1001C LT1001AM (T1001 
/883 /883 
OUTPUT 


25°C 25°C ~§5te125°C Ote 70°C 
INPUT re a Error Max. Max. Max, Max. 
—10to + 10V ee 
re eae Offset Voltage 15x 60uV 60uV 1104V 
1210 —18V Bias Current 20nV 40uV 40uV 55uV 
‘ Common-Mode Rejection 20uV 30uV 30V 50uV 
. rf 7 . Pe Supply Rejecti 18 nV 30uV 36nV 42uV 
The voltage follower is an ideal example illustrating we RN ON a 
the overall excellence of the LT1001. The contributing 
error terms are due to offset voltage, input bias cur- ee ee ee ae iad 
rent, voltage gain, common-mode and power-supply (=20¥) 0,0005%  0.0009%  0.0010% 0.00154 
Thermally Controlled Nicad Charger 
2 “7 +15V “AS 10V, 1.2 AMP HR 


~~ 
aS NICAD STACK 


ith] 


0. 1pF 


BATTERY AMBIENT — = 

* ~ 
~ 
620K 
— 18V 2N6387 sy 
— —_ a 

CIRCUIT USES TEMPERATURE DIFFERENCE 
BETWEEN BATTERY PACK MOUNTED. 
THERMOCOUPLE AND AMBIENT THERMO- 
COUPLE TO SET BATTERY CHARGE 0.62 
CURRENT. PEAK CHARGING 1aF 5W 


CURRENT !S 1 AMP. 


* SINGLE POINT GROUND 
= THERMOCOUPLES ARE F 
40,V/°C CHROMEL-ALUMEL 

(TYPE K) 


Precision Absolute Value Circuit 


10k 40k 10k 


INPUT 10k IN4148 
—10to 10¥ 0.1% 


0 to 10V 


0.1% 
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Precision Power Supply with Two Outputs 


(1) 0 to 10V in 100. STEPS 
7 (2) 0 to 100V in mV STEPS 
22k 
+15 
1009 SW 
2k OUTPUT 
2N2219 0-10V 
25mA 
TRIAD TY-90 
DIODES = 
SEMTECH # 
[ ] FF-15 
= + OUTPUT 2 

1 1 g0K* 0-100, 25mA 
KELVIN-VARLEY = _L. 
DIVIDER = 
ESt#DP311 

10k* (select) 
0.1 
TRIM— 100V 
$ 1000 


2. 


4h di 


2k 
+ 


= 22ut 
162 
+15V 
458 ae 1.8k +15 
1 rs 2N2907 
cuawpser* ]%* wor 
Dead Zone Generator 


BIPOLAR SYMMETRY IS EXCELLENT BECAUSE ONE DEVICE, Q2, SETS BOTH LIMITS 


915 FILM 
* © RATIO MATCH 0.05% 
7 —18¥ 02,3.4,5 CA 3096 TRANSISTOR ARRAY | 
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a 


instrumentation Amplifier with + 300V 
Common Mode Range and CMAR > 150dB 


+15V 


8200 
7 
| 
! 
| 
! 
See a ele. 4 
MU «(SSS SSS Sa SS SST 5 O.2uF 
I 
\ 
| 
—4 
2000 
a. GAIN 
= TRIM 


{ACQUIRE} 


f=} 
= 
2 a 
“4 
= 
8 
ro) 
z= § 
s 
np 


74C04 (\ 74086 
/\ 2k 
a 


c 12 = 

EN R 2 

7 
2) $1-S4 OPTO MOS SWITCH OFM- 1A, THETA-J CORP Naot FHOTO DRIVEN FET SWITCHES CONVERTS A 
3)* FILM RESISTOR DIFFERENTIAL SIGNAL AT A HIGH COMMON 


4) * * POLYPROPYLENE CAPACITORS MODE VOLTAGE TO A SINGLE ENDED SIGNAL AT 
5) ADJUST R1 for 93 Hz AT TEST POINT A THE (T1001 OUTPUT. 


$ 4k — 


1) ALL DIODE IN4148 A FLYING CAPACITOR CHARGED BY CLOCKED 
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SCHEMATIC DIAGRAM 


LT1001 Schematic Diagram 


A : 


aK 
Gy L ~ 


Q24 
Q25 


1.5k 


Q31 
BbpF fe, 
20pF "3 20 
k- {IF 
30pF OUT 
+ 3k r 
0 6 
3 
20 
O16 a 32 
= Q15 
Q23 
S 2k 2k 
an} 
Q20 Q17 Q18 q3e 120 240 
Qi9 8k 
H Package J8 Package N8 Package 
Metal Can 8 Lead Hermetic Dip 8 Lead Plastic 
0.310 
0220 
0.055 MAX 
9028 Wp. 0,005 MN Pe s5° 
—— 
oe ae 
0.450 il ; 
@.200 0.060 u 
0.725 0.016 bed 


pieced pad 2 2 
Nel ee 
0.100 Bsc alls 0.029 c 
Te We " 


0014 


NOTE: DIMENSIONS IN INCHES UNLESS OTHERMISE NOTED. 
NOTE: DIMENSIONS IN INCHES “LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


'S CTHCRMASE NOTED, 
2°02" GAUGE PLANE 


Ga Ge Tyrax Ga max 
150°C | 150°C/W | 45°C/wW 150°C | 100°C/W 100°C | 130°C/W 
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FEATURES 


= Guaranteed Low Offset Voltage 60:V Max. 
= Guaranteed Low Drift 1.0xV/°C Max. 

= Guaranteed Low Bias Current 4nA Max. 

= Guaranteed CMRR 110dB Min. 

= Guaranteed PSRR 106dB Min. 

= Low Power Dissipation 80mW Max. 

@ Low Noise 0.3nVp-p 


APPLICATIONS 


™ Thermocouple Amplifiers 

® Strain Gauge Amplifiers 

= Low Level Signal Processing 

= High Accuracy Data Acquisition 


LT1001CS8 
Precision Operational 
Amplifier 

DESCRIPTION 


The LT1001 significantly advances the state-of-the-art of 
precision operational amplifiers. In the design, proces- 
sing, and testing of the device, particular attention has 
been paid to the optimization of the entire distribution of 
several key parameters. Consequently, the specifications 
of the lowest cost, commercial temperature device, the 
LT1001C, have been dramatically improved when 
compared to equivalent grades of competing precision 
amplifiers. 


Essentially, the input offset voltage of all units is less than 
50,V (see distribution plot below). Input bias and offset 
currents, common-mode and power supply rejection of the 
LT1001C offer guaranteed performance which were previ- 
ously attainable only with expensive, selected grades of 
other devices. Power dissipation is nearly halved com- 
pared to the most popular precision op amps, without ad- 
versely affecting noise or speed performance. A beneficial 
by-product of lower dissipation is decreased warm-up 
drift. Output drive capability of the L1001 is also enhanced 
with voltage gain guaranteed at 10mA of load current. 


Linearized Platinum Resistance Thermometer 
with + 0.025°C Accuracy Over 0 to 100°C 


1 MEG, * * 


OFFSET TRIM 


* ULTRONIX 105A WIREWOUND 
** 1% FILM 


+ PLATINUM RTD 
118MF (ROSEMOUNT, INC.) 


LT Wie 


points are fixed with + .025°C. 


LINEARITY Oto 10V = 
TRIM Oto 


+ Trim sequence: trim offset (0°C = 1000.02), 
trim linearity (85°C= 1138.79), trim gain 
(100°C = 1392.62). Repeat until all three 

5°C. 


Typical Distribution 
of Offset Voltage 
Vs = + 15V, Ty = 25°C 


] hemi I 
| 954 UNITS 
200 FROM THREE RUNS 


QUTPUT 


NUMBER OF UNITS 


00°C 


0 
-60 -40 ~-20 0 20 «40 60 
INPUT OFFSET VOLTAGE (MICROVOLTS) 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage ............cceseseceaeeeseeeeaees +22V TOP VIEW ORDER 
Differential Input Voltage ............ecceceeeeeee +30V PART NUMBER 
Input Voltage nck ce cece ee eeeeeeeeeeeeneeues +22V 

Output Short Circuit Duration ................. Indefinite eenicee 
Operating Temperature Range ............... 0°C to 70°C 

Storage Temperature Range............. ~ 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.).............. 300°C S8 PACKAGE 


PLASTIC SO 


ELECTRICAL CHARACTERISTICS v= + 15v, 14<25°C, unless otherwise noted 
=) 


(T1001C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX i UNITS 
Vog Input Offset Voltage 18 60 uw 
AVog ip Long Term Input Offset Voltage Note 1 and Note 2 0.3 16 | 4Wimonth 
“ATime Stability 
log aes Input Offset Current ~—[ 0.4 3.8 nA 
lb Input Bias Current +07 +40 nA 
en Input Noise Voltage 0.1Hz to 10Hz (Note 1) t 0.3 0.6 uVp-p 
en Input Noise Voltage Density f.= 10Hz (Note 1) 10.5 18.0 nVNHz 
fy = 1000Hz (Note 1) 98 11.0 
Avot Large Signal Voltage Gain RL 22k0, Vo= 2 12V vimV 
R,2=1k0, V>= + 10V vim 
M 
PSRR Power Supply Rejection Ratio Vg= +3V to + 18V 106 
Rin Input Resistance Differential Mode 15 80 MQ 
Input Voltage Range +13 +14 Vv 
Vout Maximum Output Voltage Swing Stati + i: + : x ; M 
12 1kO +1 +13: 
Sa Slew Rate R= 2kQ (Note 3) 0.1 0.25 Vins 
GBW Gain-Bandwidth Product (Note 3) 0.4 0.8 MHz 
Py | Power Dissipation No Load 48 80 mW 
No Load, Vg= +3V 4 8 mW 
ELECTRICAL CHARACTE RISTICS Vg = + 15V, 0°C <T,a<70°C, unless otherwise noted 
| i y LT1001C aa it 
SYMBOL PARAMETER CONDITIONS _| MIN TYP MAX UNITS 
Vos Input Offset Voltage |e 30 110 WV 
AVos Average Offset Voltage Drift | ° 03.1.0 PY 
ATemp 
los | Input Offset Current “| e 06 5.3 nA 
lg input Bias Current a e +10 +55 nA 
Avo. Large Signai Voltage Gain Rl 22k0,Vo= + 10V had 250 TH =i; VimvV 
CMRR ails Common-Mode Rejection Ratio Vow= + 13V e 106 123 dB 
PSRR Power Supply Rejection Ratio ia Vg= +3Vto + 18V e 103 120 dB 
Input Voltage Range e +13 +14 Vv 
Vout Output Voltage Swing Ry. 22k ° +126 +138 v 
Py Power Dissipation | No Load e 55 90 mw 
The @ denotes the specifications which apply over the full operating tem- operation, Excluding the initial hour of operation, changes in Vg during the 
perature range. first 30 days are typically 2.5pV. 
Note 1: This parameter is tested on a sample basis only. Note 3: Parameter is guaranteed by design. 


Note 2: Long Term Input Offset Voltage Stability refers to the averaged 
trend line of Vog versus Time over extended periods after the first 30 days of 
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Y LINEAR 1002 
TECHNOLOGY Dual, Matched Precision 


Operational Amplifier 


FEATURES DESCRIPTION 
a Guaranteed low offset voltage The LT1002 dual, matched precision operational amplifiers 
LT1002A 60V max combine excellent individual amplifier performance with tight 
LT1002 100uV max matching and temperature tracking between amplifiers. 
= Guaranteed offset voltage match ; : : : 
LT1002A 40uV max in the design, processing, and testing of the device, particular 
LT1002 80uV max attention has been paid to the optimization of the entire distri- 
= Guaranteed low drift bution of several key parameters and their matching. Conse- 
LT1002A 0.9uV/°C max quently, the specifications of even the low cost commercial 
LT1002 1.3uV/°C max grade (the LT1002C) have been spectacularly improved com- 
= Guaranteed CMRR pared to presently available devices. 
Se. SE ab Essentially, the input offset voltage of all units is less than 
= Guaranteed channel separation 80xV, and matching between amplifiers is consistently better 
LT1002A 432dB min than 60.V (see distribution plot below). Input bias and offset 
{T1002 130dB min currents, channel separation, common mode and power supply 
= Guaranteed matching characteristics rejections of the LT1002C are all specified at levels which were 
= Low noise 0.35uV p-p habit patlonds oy ald expensive, caveat Agia of 
other dual devices. Power dissipation is nearly halved com- 
APPLICATIONS pared to the most popular precision duals, without adversely 
a Thermocouple Amplifiers affecting noise or speed performance. A by-product of lower 
s Strain Gauge Amplifiers dissipation is decreased warm-up drift. For even better perfor- 
a Low level signal processing mance in a single precision op amp, refer to the LT 1001 data 
s Medical instrumentation sheet. A bridge signal conditioning application is shown below. 
= Precision dual limit threshold detection This circuit illustrates the requirement for both excellent 
a Instrumentation amplifiers matching and individual amplifier specifications. 
Strain Gauge Signal Conditioner With Bridge Excitation Distribution of Offset Voltage Match 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Note 6) ................. +22V 


Differential Input Voltage................ +30V 
Input Voltage Equal to Supply Voltage 
Output Short Circuit Duration........... Indefinite 
Operating Temperature Range 
LT1002AM/LT1002M......... —55°C to 125°C 
LT1002AC/LT1002C ............. 0°C to 70°C 
Storage Temperature Range 
AllGrades ................. —65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)...... 300°C 


J PACKAGE 


TOP VIEW 


14 PIN HERMETIC 


N PACKAGE 
14 PIN PLASTIC 


PACKAGE/ORDER INFORMATION 


OFFSET 
VOLTAGE 
MAX 
at 25°C 


LT1002AMJ 
LT1002MJ 


ORDER 
PART NO. 


LT1002ACJ 
LT1002C/ 
LT1002ACN 
LT1002CN 


NOTE: Device may be operated even if insertion 
is reversed; this is due to inherent symmetry of 


pin locations of amplifiers A and B. (Note 6) 


ELECTRICAL CHARACTERISTICS, INDIVIDUAL AMPLIFIERS 


Vs = +15V, Ty = 25°C, unless otherwise noted 


LT1002AM/LT1002AC LT1002M/LT1002C 
SYMBOL PARAMETER CONDITIONS MIN TYP «MAX MIN TYP) = MAX _ UNITS 
Vos Input Offset Voltage Note 1 20 60 25 100 av 
Long Term Input Offset Voltage 
Stability Notes 2 and 3 0.3 15 0.4 2.0 pV/month 
log Input Offset Current 0.3 2.8 0.4 42 nA 
Input Bias Current ltt +0.6 +3.0 +07 +45 nA 
Input Noise Voltage | 0.1Hz to 10Hz (Note 2) 0.35 0.7 0.38 0.75 BV p.p 
ey Input Noise Voltage Density f, = 10Hz (Note 5) 10.3 © 20.0 105 20.0 te 
fy = 1000Hz (Note 2) 96 11.5 9.8 12.0 nV Viz 
Aor Large Signal Voltage Gain Ry > 2k0, V, = + 12V 400 800 350 800 V/imV 
R, = 1k, Vo = +10V 250 500 220 ~—~-500 
CMRR | Common Mode Rejection Ratio Vom = + 18V 110 126 110 126 dB 
PSRR Power Supply Rejection Ratio Vs = +38V to + 18V 408 123 105 123 dB 
Rin input Resistance Differential Mode | Note 4 20 100 13 80 MQ 
Input Voltage Range +13 +14 +138 +14 Vv 
Vout Maximum Output Voltage Swing | RL > 2k0 +13 +14 +13 «+14 V 
Ry = 1ko +12. +135 +12 +135 
SR Slew Rate Ry = 2kQ (Note 4) 0.1 0.25 0.1 0.25 V/us 
GBW Gain Bandwidth Product Note 4 0.4 0.8 0.4 0.8 MHz 
Py Power Dissipation No load 46 15 48 85 mW 
per amplifier No load, V; = +3V 4 7 4 8 
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ELECTRICAL CHARACTERISTICS, INDIVIDUAL AMPLIFIERS 


Vs = +15V, —55°C < T, < 125°C, unless otherwise noted 


LT1002AM LT1002M 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP X UNITS 
Vos | Input Offset Voltage Note 1 eo 30 150 45 230 ue uv 
AVos Average Input Offset Voltage Drift 0.2 0.9 0.3 1.3 rit 
A Temp 


—_——1 


Input Offset Current R 5 
\p Input Bias Current +10 +15 +9.0 nA 
Avot Large Signal Voltage Gain R, > 2kQ, Vo = + 10V 300 700 200 700 VimV 
CMRR Common Mode Rejection Ratio Vom = + 19V 106 122 104 420 dB 
PSRR _| Power Supply Rejection Ratio Vs = +3V to + 18V 102 117 96 117 =e dB 
Input Voltage Range \_ @(+ + 14 +139 +14 
Vour Output Voltage Swing Ry = 2k0 mOE 125 +135 +120 +135 Vv 
Py Power Dissipation No load e 55 90 60 100 mw 
[__per amplifier | J 
Vs = +£15V, 0°C < Ty < 70°C, unless otherwise noted 
LT1002AC LT1002C 
SYMBOL PARAMETER CONDITIONS MIN OTYP MAX min =6TYP) = MAX UNITS 
Vos Input Offset Voltage Al Note 1 el 20 100 30 160 uV 
AVos Average Input Offset Voltage Drift e 0.2 0.9 0.3 1.3 al uVieG 
A Temp ie 
pea ee i 
los Input Offset Current e 0.5 42 0.6 5.7 nA 
ig Input Bias Current | Tale +07 +45 +10 +6.0 nA 
Avot Large Signal Voltage Gain Ri = 2k0, Vo = + 10V e| 350 750 250 750 V/mV 
CMRR Common Mode Rejection Ratio Vom = + 13V le 108 124 at 106 423 dB 
PSRR Power Supply Rejection Ratio [Vs = +3Vto + 18V @| 105 120 100 120 dB 
Input Voltage Range @j+i +14 +13 +14 v 
Vout [Output Voltage Swing Ry > 2k0 el+25 +138 +125 +138 {sy 
Py Power Dissipation No load e 50 85 55 90 mw 
per amplifier ~ <i iis 


The @ denotes the specifications which apply over the full operating 
temperature range. 

For MIL-STD components, please refer to LTC 883C data sheet for test 
listing and parameters. 

Note 1: Offset voltage measured with high speed test equipment, 
approximately 1 second after power is applied. 

Note 2: This parameter is tested on a sample basis only. 

Note 3: Long Term Input Offset Voltage Stability refers to the averaged 
trend line of V,, versus Time over extended periods after the first 30 
days of operation. Excluding the initial hour of operation, changes in 
Vos during the first 30 operating days are typically 2.5nV. 


AT WI 


Note 4: Parameter is guaranteed by design. 

Note 5: 10Hz noise voltage density is sample tested on every lot. 
Devices 100% tested at 10Hz are available on request. 

Note 6: The V+ supply terminals are completely independent and may 
be powered by separate supplies if desired (this approach, however, 
would sacrifice the advantages of the power supply rejection ratio 
matching). The V— supply terminals are both connected to the 
common substrate and must be tied to the same voltage. Both V— pins 
should be used. 
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MAT CHING CHARACTERISTICS at Vs = + 15V, T, = 25°C, unless otherwise noted 


Offset Current 


LT1002AM/AC LT1002M/C 

SYMBOL PARAMETER CONDITIONS MIN =OTYP)— MAX He MIN =OTYP) =o MAX UNITS 

Input Offset Voltage Match - 15 40 - 25 80 wv 
\g* Average Non-Inverting Bias 

Current — +06 +35 — +07 +48 nA 
tos? Non-Inverting Offset Current - 0.6 3.5 - 0.7 6.0 nA 
log | Inverting Offset Current L A 0.6 3.5 _ 0.7 60 | nA 
ACMRR Common Made Rejection Ratio 

Match Vom = + 13V | 110 132 - 108 132 - dB 
APSRR Power Supply Rejection Ratic 

Match Vg = +3V to + 18V 108 130 - 402 128 - dB 

Channel Separation [¥ < 10Hz (Note 4) 1320 148 130 46 — dB 
MAT CHING CHARACTERISTICS at Vg = +15V, —§5°C < T, < 125°C, unless otherwise noted 

LT1002AM LT1002M 

SYMBOL _| PARAMETER CONDITIONS | MIN TYP MAX MIN TYP MAX | UNITS 

Input Offset Voltage Match Cr) 50 140 60 230 uv 

Input Offset Voltage Tracking e 0.4 1.5 uIP 
\p* Average Non-tnverting Bias 

Current @; -— +15 +60 — +18 +100 nA 
los* Non-Inverting Offset Current oe; — 1.5 6.5 - 1.8 12.0 nA 

e 


Common Mode Rejection Ratio 
Match Vom = + 18V 1 106 126 ~ 102 124 - dB 
APSRR Power Supply Rejection Ratio 
Match Vs = +3V to + 18V @| 102 122 - 94 120 - dB 
MATCHING CHARACTERISTICS atVs = +15V, 0°C < T, < 70°C, unless otherwise noted 
LT1O02AC LT1002¢ 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Match e| - 30 85 - 45 150 uv 
Input Offset Voltage Tracking j@| - 0.3 1.0 - 0.4 1.5 uVvi°C 
Ip* Average Non-Inverting Bias 
Current @; — +10 +45 — +12 +70 nA 
los* Non-Inverting Offset Current e| - 10 5.0 - 1.2 8.5 nA 
log inverting Offset Current eo; - 1.0 5.0 - 12 8.5 nA 
ACMRR Common Mode Rejection Ratio 
Match Vom = + 13V e@| 108 130 - 105 128 - dB 
| ¥CM_ ae 
APSRR Power Supply Rejection Ratio 
atch Vs = +3V to + 18V @| 105 126 = 98 124 _ dB 


————— 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Distribution of Offset Voltage Drift 


Distribution of Offset Voltage of with Temperature Distribution of Offset Voltage 
Individual Amplifiers (Individual Amplifiers) Match Drift with Temperature 
100 1 70 35. 
Vs = sv | Vg = + 15V 
Ta = 25°C 60 1 30 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Matching and Individual Amplifier 
Bias and Offset Currents vs Temperature 
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Open Loop Voltage Gain 
vs Temperature 


OPEN LOOP VOLTAGE GAIN (V/V) 
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Input Bias Current vs. 
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Gain, Phase Shift vs. Frequency 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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Supply Current vs. Supply Voltage 
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SUPPLY VOLTAGE (V) 


Small Signal Transient Response 
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Large Signal Transient Response 


OUTPUT VOLTAGE, PEAK-TO-PEAK (VOLTS) 


Voltage Follower Overshoot 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Output Short Circuit Current 
Output Swing vs. Load Resistance vs Time 
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APPLICATIONS INFORMATION 


The LT 1002 dual amplifier may be inserted directly — two op amps. Fortunately, the guaranteed offset volt- 
into OP-10, OP207, 0P227 sockets with or without re- age match of the LT 1002 is very low, in most applica- 
moval of external nulling potentiometers. tions offset adjustment will be unnecessary. 


Standard Adjustment 
Offset Voltage Adjustment The input offset voltage of the 
LT 1002, and its drift with temperature, are permanent- 
ly trimmed at wafer testing to a low level. However, if 
further adjustment of Vos is necessary, nulling with a 
10k or 20k potentiometer will not degrade drift with 
temperature. Trimming to a value other than zero cre- 
ates a drift of (Vos/300) uV/°C, e.g. if Vos is adjusted 
to 300,.V, the change in drift will be 1nV/°C. The ad- 
justment range with a 10k or 20k pot is approximately 
+2.5mV. If less adjustment range is needed, the sen- 
sitivity and resolution of the nulling can be improved 
by using a smaller pot in conjunction with fixed resis- 
tors. The example has an approximate null range of 
+ 100nV. 


In matching applications, both amplifiers can be 
trimmed to zero, or the offset of one amplifier can be 
trimmed to match the offset of the other. Offset adjust- 
ment, however, slightly degrades the gain, common- 
mode and power-supply rejection match between the 
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APPLICATIONS INFORMATION 


Test Circuit for Offset Voltage and its Drift with Temperature 


R1 
*50k 


Yo 


* RESISTORS MUST HAVE LOW 
THERMOELECTRIC POTENTIAL. 


This circuit is also used as the burn-in configuration for 
the LT1002, with supply voltages increased to + 20V, 
Ri =R3=20k, R2=2000, Ay = 100. 


Unless proper care is exercised, thermocouple effects, 
caused by temperature gradients across dissimilar 
metals at the contacts to the input terminals, can ex- 
ceed the inherent drift of the amplifier. Air currents 
should be minimized, package leads should be short, 
the two input leads should be as close together as pos- 
sible and maintained at the same temperature. 


Channel Separation 


This parameter is defined as the ratio of the change in 
input offset voltage of one amplifier to the change in 
output voltage of the other amplifier causing the offset 
change. 


At low frequencies the LT 1002’s channel separation is 
an almost unmeasurable 148dB. As frequency in- 
creases, pin to pin capacitance of the package, be- 
tween the output of one amplifier and the inputs of the 
other, becomes dominant. Since these pins are non- 
adjacent, the capacitance is only 0.02pF. To maintain 
the LT1002’s excellent channel separation at higher 
frequencies, the socket and PC board capacitances 
should be minimized. 


0.1Hz to 10Hz Noise Test Circuit 


The device under test should be warmed up for three 
minutes and shielded from air currents. Turn the de- 
vice 180° to measure the noise of side B. 


(Peak to Peak noise measured in 10 Sec interval) 


Power supplies 


The LT1002 is specified over a wide range of power 
supply voltages from +3V to + 18V. Operation with 
lower supplies is possible, down to + 1.2V (two Ni- 
Cad batteries). However, with + 1.2V supplies, the de- 
vice is stable only in closed loop gains of +2 or higher 
(or inverting gain of one or higher). 


The V+ supply terminals are completely independent 
and may be powered by separate supplies if desired 
(this approach, however, would sacrifice the advan- 
tages of the power supply rejection ratio matching). 
The V— supply terminals are both connected to the 
common substrate and must be tied to the same volt- 
age. Both V— pins should be used. 


LT 
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APPLICATIONS INFORMATION 


Advantages of Matched Dual Op Amps in many applica- 
tions the performance of a system depends on the 
matching between two operational amplifiers rather 
than the individual characteristics of the two op amps. 
Two or three op amp instrumentation amplifiers, 
tracking voltage references and low drift active filters 
are some of the circuits requiring matching between 
two op amps. 


The well-known triple op amp configuration illustrates 
these concepts. Output offset is a function of the dif- 
ference between the offsets of the two halves of the 
LT1002. This error cancellation principle holds for a 
considerable number of input referred parameters in 
addition to offset voltage and its drift with tempera- 
ture. Input bias current will be the average of the two 
non-inverting input currents ('s"). The difference be- 
tween these two currents (lps ") is the offset current of 
the instrumentation amplifier. The difference between 
the inverting input currents (Ios _) will cause errors 
flowing through R1, R2, and R3. Common-mode and 
power supply rejections will be dependent only on the 
match between the two amplifiers (assuming perfect 
resistor matching). 


The concepts of common mode and power supply re- 
jection ratio match (ACMRR and APSRR) are best 
demonstrated with a numerical example: 


Assume CMRRa = + 1.0uV/V or 120dB, 

and CMRRg = +0.75uV/V or 122.5dB, 

then ACMRR = 0.25uV/V or 132dB; 

if CMRRg = —0.75uV/V which is still 122.5dB, 
then ACMRR = 1.75uV/V or 115dB. 


Clearly, the LT1002, by specifying and guaranteeing 
all of these matching parameters, can significantly 
improve the performance of matching dependent 
Circuits. 


Three Op Amp Instrumentation Amplifier 


(INPUT 


INPUT 


Trim R8 for gain 
Trim R9 for DC common mode rejection 
Trim R10 for AC common mode rejection 


Typical performance of the instrumentation amplifer: 


Input offset voltage = 25uV 

Input bias current = 0.7nA 

Input resistance = 200 GQ 

input offset current = 0.6nA 

Input noise = 0.5uV p-p 

Power bandwidth (Vo = + 10V) = 80kHz 
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APPLICATIONS INFORMATION 


Precision + 10V Reference 


+ 18V 


OUT 1 
10.000V 


OUT 2 


LM129A — 10.000 


The LT1002 contributes less than 5% of the total drift erence. The accuracy of the — 10V output is limited by 
with temperature, noise and long term drift of the ref- the matching of the two 10k resistors. 


Dual Limit Microvolt Comparator 


+ 16V 


1k $ 5% 
FLV117 


UPPER 


“CA3118 
UMIT 


INPUT 


YaCA3 118 


LOWER 
LIMIT 


When the upper or lower limit is exceeded the LED  LT1002 by less than 5,V. Therefore, the basic accura- 
lights up. Positive feedback to one of the nulling termi- cy of the comparator is limited only by the low offset 
nals creates 5 to 20,V of hysteresis on both amplifi- voltage of the LT 1002. 

ers. This feedback changes the offset voltage of the 
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APPLICATIONS INFORMATION 


Two Op Amp Instrumentation Amplifier 


OUTPUT 


+ TRIM FOR GAIN 


Precision Amplifier Drives 5000 Load to + 10V 


4.1 +0. 1Rs 
110k 
Pr +15 This application utilizes the guaranteed 10mA load 
ode driving capability of the LT 1002. The offset voltage of 
‘ amplifier A is the offset of the configuration. Amplifier 
~ 15 oon S 0.2% B provides the additional 10mA load current. When 
Rr load resistor R, is removed, amplifier A sinks this cur- 
~~ rent without affecting accuracy. In the gain of 1000 
Rs configuration shown, approximately 0.3% gain accu- 
ve racy can be realized. 
4008 
= OUTPUT 
—15V 6002 > Ri 


INPUT = 
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APPLICATIONS INFORMATION 


Dead Zone Generator 


BIPOLAR SYMMETRY IS EXCELLENT 
BECAUSE ONE DEVICE, 02, SETS BOTH LIMITS 


* 1% FILM | 
* © RATIO MATCH 0.05% 
a — 15V Q2,3,4,5 CA 3096 TRANSISTOR ARRAY | 
Vet 
Precision Absolute Value Circuit 
10k 10k 10k 
INPUT 10k 
—10to 10V 0.1% 
OUTPUT 


Oto 10V 


0.1% 
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APPLICATIONS INFORMATION 


oe die Dual Precision Power Supply 
(1) 0 to 10¥ in 100,,V Steps 
1000 5W (2) 0 to 100V in imV Steps 
2k OUTPUTT 
2N2219 0-10V 
+ 15V iNQ14 25mA 
vN-46 TRIAD TY-90 
ee Wale ae DIODES = 
| SEMTECH # 
umggo! FF-15 
' KVD 
| J 
00000— ne OUTPUT 2 
rae Soame4 ‘ty ook * 0-100, 25mA 
—15V 7 > 
KVD = ESI#0P311 
* = JULIE RSCH, LABS 10k™ (select) 
25k . 
TRIM— 100V 
$ i000 
680pF 422 
2N6533 
ctr ¥ 
“> 22ut 
39k 


+15V 


2N2807 
cuamp set 1 5k inate 
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v+ O— 
6k 6k es gaa 024 
ft leet 
NULL NULL 
AO 40k 
zt 
— on at2 
a13 ata 
06 a6 
al ( iy 
a3 Qa 
#500 OLS Ee 3k 
Cy 
: piunene 


20)! 


" 
eae $180 0| ao = [017 a1 
jeer $e 
O 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


14-Lead Cavity DIP (J) 


14-Lead Molded DIP (N) 0.785 
(19.939) 0.310 
MAX (7.874) 
f+) [) fe] MAX 
0.025 GLASS 
(0.635) 
RAD (7.391) 
0.250 + 0.005 
(6.350 0.127) 
¥ 
0.280 0.290-0.320 0.160 
(7.112) (7.365—8.128) (4.064) GLASS 0.060 +.0.005 (5.080) 
a MAX SEALANT Thea 50.127) = ba— MAX 9,020-0.070 
0.300—0.320 Zz (0.508—1.78) 
(7620-8. 128) 
ines 0.040 0.130 + 0.005 
(1651) (1076) (3.302 + 0.127) 0.008- 0.012, 
: 7 (0.203—0.305) 
ae oS OOS 0.108 0.018 +0.002 
A (9.779 + 0.635) (2.540) eal (0.487 0.051) bo 0.125 
95° +5° 0.009—0.015 MAX BOTH ENDS 100s 0040 (3.175) 
{0.229—0.381) 0.020 EST MN 
0.075 + 0.015 , Ha (0.508) Rae: 
175) MIN 
+0.025 (1.905 + 0.381) 0.018 +0.003 MIN On 
0.328 Odi 0.100 +0010 5a — 5 om) 
; Beat O.754 87 =0078) 
0.635 oe T1O02AC, 
(azss 10585 paises too°cw 


(T1002CJ 


| 
LT1002AMJ 
LT1002MJ 


LT1002ACN 
LT1002CN 


100°C/W 
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FEATURES 


= Single Supply Operation 
Input Voltage Range Extends to Ground 
Output Swings to Ground while Sinking Current 


= Guaranteed Offset Voltage 50uV Max. 
= Guaranteed Low Drift 1.3nV/°C Max. 
= Guaranteed Offset Current 0.5nA Max. 
™ Guaranteed High Gain 
5mA Load Current 1.5 Million Min. 
17mA Load Current 0.8 Million Min. 
= Guaranteed Low Supply Current 520yA Max. 


= Supply Current can be Reduced by a Factor of 4 


= Low Voltage Noise, 0.1Hz to 10Hz 0.55,Vp-p 
Low Current Noise— 
Better than OP-07 0.07pAIVHz at 10Hz 
® High Input Impedance 250MQ Min. 
= Guaranteed Minimum Supply Voltage 2.7V Min. 


APPLICATIONS 


= Low Power Sample and Hold Circuits 

= Battery Powered Precision Instrumentation 
Strain Gauge Signal Conditioners 
Thermocouple Amplifiers 

@ 4mA-20mA Current Loop Transmitters 

® Active Filters 


LT1006 


Precision, Single Supply 
Op Amp 
DESCRIPTION 


The LT1006 is the first precision single supply operational 
amplifier. Its design has been optimized for single supply 
operation with a full set of specifications at 5V. Specifica- 
tions at + 15V are also provided. 


The LT1006 has low offset voltage of 20pV, drift of 
0.2yVi°C, offset current of 120pA, gain of 2.5 million, com- 
mon-mode rejection of 114dB, and power supply rejection 
of 126dB. 


Although supply current is only 340,A, a novel output stage 
can source or sink in excess of 20mA while retaining high 
voltage gain. Common-mode input range includes ground to 
accommodate low ground-referenced inputs from strain 
gauges or thermocouples, and output can swing to within a 
few millivolts of ground. If higher slew rate (in excess of 
1Vis) or micropower operation (supply current down to 
90,A) is required, the operating currents can be modified by 
connecting an external optional resistor to Pin 8. 


For similar single supply precision dual and quad op amps, 
please see the LT1013/LT1014 data sheet. For micropower 
dual and quad op amps, please see the LT1078/LT1079 data 
sheet. 
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LT1006 Single Supply, Micropower Sample and Hold 
+N 


Distribution of Input Offset Voltage 


18 Vg=5V, 0V 
T= 25°C 
16 350 LT1006s TESTED 
360K *ACD4066 YeCD4066 360k FROM TWO RUNS 
14 J AND N PACKAGES 
t ‘ 
3900 $3 S4 3900 & ® 4 
gory 
= 5 8 
6 
8 
¥eCD4066 2 4 
7 
' u OUTPUT i 
; s1 3 0 
4 80 —40 0 40 
INPUT, ig INPUT OFFSET VOLTAGE (nV) 
poy 0.01 = 
= ! ACQUISITION TIME 20ys 
ae HOLD SETTLING TIME 10us 
wopaes S-H OFFSET mv 
SAMPLE-HOLD COMMAND HOLD SUPPLY CURRENT 250yA 
HIGH = SAMPLE SAMPLE SUPPLY CURRENT 5.0mA 
LOW =HOLO 1kHz SAMPLE RATE CURRENT 800A 


Vague, 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage... eee eeeeeeeeessssaaeeeees +22 pi ORDER PART 
Input Voltage ........... Equal to Positive Supply Voltage (NOTE 2) NUMBER 
soeattes 5V Below Negative Supply Voltage Ao mom On 
Differential Input Voltage. ..............cccececeeeees 30V nQ > our LT1006AMH 
Output Short Circuit Duration.................. Indefinite : LT1006MH 
Operating Temperature Range WO GQ atin LT1006ACH 
Rh — 55°C to 125°C Wee ry LT1006CH 
0 0°C to 70°C sawiciiee ves ca cal 
Storage Temperature Range a 
All Devices ........... Seeeeeeeeeee ~ 65°C to 150°C LT1006AMJ8 
Lead Temperature (Soldering, 10sec) .............. 300°C LT1006MJ8 
LT1006ACJ8 
LT1006CU8 
per | LT1006CNB 
HERMETIC DIP PLASTIC DIP 


ELECTRICAL CHARACTERISTICS v,=5v, Voy =0V, Vour= 1A, T,=25°C, unless otherwise noted, 


LT1006AM/AC 
PARAMETER MIN TYP = MAX 


input Offset Voltage fio. erect eel 


Long Term Input Offset 

Voltage Stability 

Input Offset Current ees) 

Input Bias Current ea a ae 9 45 10 25 


input Noise Voltage | O1Hzto1oH2 = 0.55 0.55 


Input Noise Voltage Density fy = 10Hz (Note 3) 
fo = 1000Hz (Note 3) 

inputNoiseCurentDensiy | fe=t0He | SOY 
Input Resistance 

Differential Mode 

Common-Mode 

Common-Mode Rejection Vou = OV to 3.5V 

Ratio 

Power Supply Rejection Vg = + 2V to + 18V, Vo=0V 

Ratio 


Large Signal Voltage Gain Vo =0.03V to 4V, R, = 10k 
Vo = 0.03V to 3.5V, Ry =2k 


SYMBOL 


CMRR 


Avo. 


Maximum Output Voltage Output Low, No Load mV 
Swing Output Low, 6000 to GND mV 
Output Low, Ioink =imA mV 


Output High, No Load 
Output High, 6002 to GND 


Siew Rate 
Supply Current Reet = 00 


Roger = 180k Pin 8 to Pin7 
(Note 2) 
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ELECTRICAL CHARACTERISTICS 


LT1006 


Vg = 5V, OV, Vom =0.1V, Vo = 1.4¥, - 55°C <T,< 125°C, unless otherwise noted. 


7 —T 


~[_ET1006AM 
SYMBOL PARAMETER CONDITIONS TYP MAX UNITS 
Vos Input Offset Voltage 
AVog Input Offset Voltage Drift 
ATemp 
{— —— 

log Input Offset Current 
lg Input Bias Current si 
Avon Large Signal Voltage Gain Vo = 0.05V to 3.5V, RL = 2k 
CMRR | __Common-Mode Rejection Voy=0.1V to3.2V 

Ratio a 
PSRR Power Supply Rejection Vg= 2 2V to + 18V, Vo= ov e@| 100 

Ratio L 

Maximum Output Voltage Output Low, 6000 to GND e 

Swing Output High, 6000 to GND fez e 
Is Supply Current e 


ELECTRICAL CHARACTERISTICS 


Vg = 5V, OV, Vom =0V, Vo = 1.4V, 0°C <T<70°C, unless otherwise noted. 


LT1006AC 
SYMBOL PARAMETER CONDITIONS MIN TYP 
Vos | Input Offset Voltage ® 
LT1006N8 e 
fs |e — 
AVog Input Offset Voltage Drift e 
ATemp LT1006N8 e 
los Input Offset Current ® 
\p input Bias Current =i bd 
Avot Large Signal Voltage Gain Vo = 0.04V to 3.5V, Ry = 2k e 
CMRR Common-Mode Rejection | Vow=0Vto3.4V e 
Ratio 
T a — 7 = 
PSRR Power Supply Rejection Vg= £2V to + 18V, Vo=O0V 
Ratio 
Maximum Output Voltage Output Low, 6000 to GND 
Swing Output High, 6000 to GND 
Ig Supply Current 


The @ denotes the specifications which apply over the full operating tem- 
perature range. 


Note 1: This parameter is guaranteed by design and is not tested. 

Note 2: Regular operation does not require an external resistor. In order to 
program the supply current for low power or high speed operation, connect 
an external resistor from Pin 8 to Pin 7 or from Pin 8 to Pin 4, respectively. 
Supply current specifications (for Ret = 180k) do not include current in 
Reet. 


Note 3: This parameter is tested on a sample basis only, All noise parame- 
ters are tested with V= + 2.5V, Vo=0V. 

Note 4: Optional offset nulling is accomplished with a potentiometer con- 
nected between the trim terminals and the wiper to V~.A 10k pot (providing 
anull range of + 6mV) is recommended for minimum drift of nulled offset 
voltage with temperature. For increased trim resolution and accuracy, two 
fixed resistors can be used in conjunction with a smalier potentiometer. 
For exampte: two 4.7k resistors tied to pins 1 and 5, with a 5000 pot in the 
middle, will have a null range of + 150zV. 
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ELE CTRICAL CHARACTE RISTICS Vs = + 15V, Ta = 25°C, unless otherwise noted. 


| LT1006AMIAC LT1006MIC r 
SYMBOL | PARAMETER |_ CONDITIONS MIN TYP = MAX MIN TYP) MAX | UNITS 
ae + 
Vos |_ Input Offset Voltage ia 30.100 501800 | SW 
log Input Offset Current | 0.1 05 | 015 09 | nA 
Ip Input Bias Current af 75 12.0 | 8.0 20.0 | nA 
Input Voltage Range 135 13.8 135 13.8 V 
| ~150 -153 -15.0 -153 Vv 
CMRR Common-Mode Rejection Ratio | Voy= + 13.5V, —15V 100. (117 7 — *116 [a 
PSRR Power Supply Rejection Ratio | Vs= +2Vto + 18V, Vo=0V 106 126 {103 124 t dB 
Avot Large Signal Voltage Gain | Vo= + 10V, R, =2k 1.5 5.0 1.2 4.0 VinkV 
| | Vo= + 10V, R, = 6000 08 15 05 10 Viev 
Vout Maximum Output Voltage Swing R, =2k +1300 +14 +125 +14 V 
SR Slew Rate Reet = @ 0.25 04 0.25 04 Vius 
Roer=3000PinBtoPing | 1.0 12 101.2 Vins 
I Supply Current eG 360 540 360 600 yA 
ELECTRICAL CHARACTERISTICS Vg = + 15V, -55°C <T, <125°C, unless otherwise noted. 
LTI006AM LT1006M 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | UNITS 


Input Offset Voltage 
Input Offset Voltage Drift 


0.3 


ip input Bias Current 9 1% | 1 a7 | nA 

Avo. __| Large Signal Voltage Gain | Vo= +10V,R, =2k 05 15 | 025 10 i= Viv 

CMRR Common-Mode Pepa Bae Vom= +13V, -14.9V 97 114 | 94 113 | dB 

PSRR Power Supply Rejection Ratio Vg = + 2V to + 18V, Vo=0V 100 117 97 116 dB 

Maximum Output Voltage Swing [ RL =2k +12 +138 +115 +138 | v 

ls Supply Current | 400 650 400 750 pA 
ELECTRICAL CHARACTERISTICS Vs = + 15V, 0°C <Ty<70°C, unless otherwise noted. 

[ T LT1006AC LT1006¢ 

SYMBOL | PARAMETER = CONDITIONS _j| MIN TYP MAX MIN TYP) =MAX | UNITS 

Vos Input Offset Voltage 50 200 75 300 WN 

LT1006N8 al 80 330 uw 

AVos__{_ Input Offset Voltage Drift 05 22 06 28 aPC 

ATemp LT1006N8 0.7 3.5 wVieC 

— rs 

los _|_ Input Offset Current 0.15 1.0 025 20 | nA 

lp |_ Input Bias Current 8.0 15 10 23 nA 

Avot Large Signal Voltage Gain { Vo= +10V, RL=2k 1.0 3.0 [ 0.7 25 Viiv 

CMRR Common-Mode Rejection Ratio | Vom=13V, — 15V 98 116 94 114 dB 

PSRR Power Supply Rejection Ratio Vg= +2V to + 18V, Vo=0V 101 120 97 118 dB 

Maximum Output Voltage Swing | R. =2k +125 +139 [ #115 +138 Vv 

ig ~T Supply Current 370 600 380 660 uA 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Offset Voltage Drift with 
Temperature of Representative 
Units 


OFFSET VOLTAGE (xV) 


-2 0 2 50 75 


TEMPERATURE (°C) 


100-125 


Warm-Up Drift 


T 


CHANGE IN OFFSET VOLTAGE (nV) 


LT1006 METAL CAN (H) PACKAGE 
171006 CERDIP (J} PACKAGE 


0 1 2 3 4 
TIME AFTER POWER ON (MIN) 


Input Bias Current vs Temperature 


Offset Voltage vs Balanced 
Source Resistor 


Vos vs Common-Mode Voltage vs 
Temperature 


Vg =5V, OV 


@T=125°C 


ea aaa 
O=st Oa 


INPUT OFFSET VOLTAGE (xV) 


Vg =5V, OV, 25°C 


tk 3k «10k 30k 100k. 300k 1M 3M 10M 
BALANCED SOURCE RESISTANCE, Rig (2) 


[Vg at 15V, 25°C 
4 0 04 08 10 
COMMON-MODE INPUT VOLTAGE (V) 


Voltage Gain vs Load Resistance, Voltage Gain vs Load Resistance 


Vg = 5V, OV with Vg = = 15¥ 
10M 10M 
pak tt ch 
ae oe ey 
> + Tas —55°C = 
= Taya 25°C = 
z Zz 
& im 3 iM 
re : 3 
= Tq = 128°C ras 
$ S$ 
HT + 
100k 400k 
100 10k 100 1k 10k 
LOAD RESISTANCE TO GROUND (Q) LOAD RESISTANCE TO GROUND (2) 
Input Offset Current vs Input Bias Current vs Common- 
Temperature Mode Voltage 


& 15V (V) 


INPUT BIAS CURRENT (nA) 


-2 0 


25 
TEMPERATURE (°C) 


50 75 100 125 


INPUT OFFSET CURRENT (nA) 


COMMON-MODE INPUT VOLTAGE, Vg=SV, OV (V) 


COMMON-MODE INPUT VOLTAGE, Vs 


0 
-50 -25 0 


2 650 75 
TEMPERATURE (°C) 


—12 


—18 
INPUT BIAS CURRENT (nA) 


-6 
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TYPICAL PERFORMANCE CHARACTERISTICS 


10Hz Voltage Noise Distribution Noise Spectrum 0.1Hz to 10Hz Noise 
100 1000 
5 Tax25re T 
Vg= #2.5V Ven eV 10 = 18V | Ns=£2VT0 +18 
Ta=25°C ae HHH s Ta=25°C 
80 200 UNITS TESTED | (Biz! a |_| 
FROM THREE RUNS | 2 2 300 1 = 
2 z= a = vil tay NH 
a 22 NUTT AT 
Qa UTA it te 
5 25 soo L_| Ns : STS eT 
[4 w ae > 
2 49 22 SS yw | | LI 
| 2= S 
2 4 we (| 2 
ZH 4 
20 as 3 
an Fo 
; ag IME (SEC 
ey EEE Pecel btideneti Ht 
‘ oe ne 0 
16 20 24 2 82 1 10 100 1k 
VOLTAGE NOISE DENSITY (nV/-Viz) FREQUENCY (H2) 
Supply Current vs Temperature Reducing Power Dissipation Increasing Slew Rate (Rseq to V—} 
500 1000 1 10 10 
BI L Vs=5V, OV = + —Ve= + 15V 
OR Vg=5V, OV 
450 ai T SR + be 
a 2 a z " ae z 
= 400 4 = hy ss Isv 5 
wy Vg= + 15V a pita? w 
= 4 i = 100 HHH 0.1% 1 ‘= cA 1& 
oO a - —4 a 
3 360 — Vs==5V, OV > Fated rE 5 
a Ww -_ 
2 a wo 
300 + | 
PIN 8 IS APPROXIMATELY PIN 8 IS APPROXIMATELY 
60mV ABOVE THE NEGATIVE SUPPLY 
ie GC @0mV ABOVE THE NEGATIVE SUPPLY oor gab __2% a 
-80 -2 6 2 8 75 100 125 50 105 1 05 100 1k 10k 
TEMPERATURE (°C) CURRENT INJECTED INTO PIN 8 (uA) Reet, PIN 8 TO PIN 4 (2) 
“Igy DOES NOT INCLUDE CURRENT THROUGH Req 
Output Saturation vs Sink Current Maximum Output Swing vs Load Common-Mode Rejection Ratio 
vs Temperature Resistor vs Frequency 
10 5 
Ws=9V, OV, 
Ta= 125°C so 
ao n= 
= 4 = 
= 8 Ta=25°C & 
ined A 
i  ——————— = i = 
——— 8 3 Ta= —55°C S 
= as aS == 5 4 ind 
— a 
= =e : 
= — w 
a 
ee el : 
a ——— —— = : 
H FF | sink = 100 nA =F S 
[— — sink = 102A —7—F+—} = 1 = 
oe ee a 3 
001 jt td 0 
-50 -25 0 2 50 75 100 125 0.01 0.1 1 10 10 100 tk: 10k) 100K M 
TEMPERATURE (°C) LOAD RESISTOR (kQ) FREQUENCY (Hz) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Power Supply Rejection Ratio vs 
Voltage Gain vs Frequency Gain, Phase vs Frequency Frequency 


POSITIVE 


VOLTAGE GAIN (dB} 
VOLTAGE GAIN (6B} 


Vg = + 15V +1Vp-p SINE WAVE 
Ta=25°C 


POWER SUPPLY REJECTION RATIO (dB) 


20 
0.010.171 1 10 100 tk 10k 1G0k 1M 10M 


0.1 1 10 100 1k 10k 100k 1M 
FREQUENCY (Hz) FREQUENCY (Hz) Zz 
Large Transient Response, Large Signal Transient Response, Large Signal Transient Response, 


Vg = SV, OV Vs = 5V, OV Vg = + 15V 


5V/DIV 


10us/DIV 10ys/OV 


Ay=1 Ay=i 
RL =4.7k TO 5V R, =4.7k TO GROUND 
(NPUT =OV TO 3.8V INPUT =OV TO 3.8V 
Small Signal Transient Response, Small Signal Transient Response, 


Vg = 5V, OV Vec = £2.5V to + 15V 


AMATI 


100mV 


20mv/DIV 


20us/DIV 2us/DIV 
Ay=1 Ay=1 

C, = 10pF C, = 10pF 

R, =6002 TO GND 

INPUT =OV TO 100mV PULSE 
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APPLICATIONS INFORMATION 


The LT1006 is fully specified for single supply operation, 
ie., when the negative supply is OV. Input common-mode 
range includes ground; the output swings within a few 
millivolts of ground. Single supply operation, however, can 
create special difficulties, both at the input and at the out: 
put. The LT1006 has specific circuitry which addresses 
these problems. 


At the input, the driving signal can fall below 0V—inadver- 
tently or on a transient basis. If the input is more than a 
few hundred millivolts below ground, two distinct prob- 
lems can occur on previous single supply designs, such as 
the LM124, LM158, OP-20, OP-21, OP-220, OP-221, OP-420: 


a) When the input is more than a diode drop below 
ground, unlimited current will flow from the substrate (V- 
terminal) to the input. This can destroy the unit. On the 
LT1006, the 4000 resistors, in series with the input (see 
schematic diagram), protect the devices even when the in- 
put is 5V below ground. 


b) When the input is more than 400mV below ground (at 
25°C), the input stage saturates (transistors Q3 and Q4) 


and phase reversal occurs at the output. This can cause 
lock-up in servo systems. Due to a unique phase reversal 
protection circuitry (Q21, Q22, Q27, Q28}, the LT1006’s out- 
put does not reverse, as illustrated below, even when the 
inputs are at — 1.5V. 


At the output, the aforementioned single supply designs 
either cannot swing to within 600mV of ground (OP-20) or 
cannot sink more than a few microamperes while swing- 
ing to ground (LM124, LM158). The LT1006’s all-NPN out: 
put stage maintains its low output resistance and high 
gain characteristics until the output is saturated. 


In dual supply operations, the output stage is crossover 
distortion-free. 


Since the output cannot go exactly to ground, but can only 
approach ground to within a few millivolts, care should be 
exercised to ensure that the output is not saturated. For 
example, a 1mV input signal will cause the amplifier to set 
up in its linear region in the gain 100 configuration shown 
below, but is not enough to make the amplifier function 
properly in the voltage follower mode. 


Voltage Follower with Input Exceeding the Negative Common-Mode Range (Vs = 5V, 0V) 


6Vp-p INPUT, —1.5V TO 4.5V 


LM324, LM358, OP-20, OP-21 


(T1006 


EXHIBIT OUTPUT PHASE NO PHASE REVERSAL 
REVERSAL 
Gain 100 Amplifier Voltage Follower 
OUTPUT 
SATURATED 
=5mV 
Imv: 
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APPLICATIONS INFORMATION 


In automated production testing the output is forced to 
1.4V by the test loop; offset voltage is measured with a 
common-mode voltage of zero and the negative supply at 
zero (Pin 4). Without the test loop, these exact conditions 
cannot be achieved. The test circuit shown ensures that 
the output will never saturate even with worst-case offset 
voltages (- 250uV over the -55°C to 125°C range). The 
effective common-mode input is 0.3V with respect to the 
negative supply. As indicated by the common-mode rejec- 
tion specifications the difference is only a few microvolts 
between the two methods of offset voltage measurement. 


Test Circuit for Offset Voitage and 
Offset Drift with Temperature 


50k* 


1009" 


50k* —0.3V 


= —_* RESISTORS MUST HAVE LOW 
THERMOELECTRIC POTENTIAL. 

**THIS CIRCUIT 1S ALSO USED AS THE BURN-IN 
CONFIGURATION, WITH SUPPLY VOLTAGES 
INCREASED TO + 20V, 

Vo = 1000Vg5 


Comparator Rise Response Time 
to 10mV, 5mV, 2mV Overdrives 


| INPUT (mv) OUTPUT (V) 
Mm 


Vs5=5V, OV 


50us/DIV 


Low Supply Operation 


The minimum guaranteed supply voltage for proper oper- 
ation of the LT1006 is 2.7V. Typical supply current at 
this voltage is 320A, therefore power dissipation is only 
860,W. 


Noise Testing 


For application information on noise testing and calcula- 
tions, please see the LT1007 or LT1028 data sheet. 


Supply Current Programming 


Connecting an optional external resistor to Pin 8 changes 
the biasing of the 111006 in order to increase its speed or 
to decrease its power consumption. if higher slew rate is 
required, connect the external resistor from Pin 8 to Pin 4 
[see performance curves for Increasing Slew Rate (Reser to 
V-)]. For lower power consumption, inject a current into 
Pin 8 (which is approximately 60mV above V~) as shown 
on the Reducing Power Dissipation plot. This can be ac- 
complished by connecting Reet to the positive supply, or 
to save additional power, by obtaining the injected current 
from a low voltage battery. 


Comparator Applications 


The single supply operation of the LT1006 and its ability to 
swing close to ground while sinking current lends itself to 
use as a precision comparator with TTL compatible 
output. 


Comparator Fall Response Time 
to 10mV, 5mV, 2mV Overdrives 


INPUT (mV) OUTPUT (V) 


Vg=5V, 0V  50us/DIV 


Water 
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TYPICAL APPLICATIONS 
Voltage Controlled Current Source with Ground 


Platinum RTD Signal Conditioner with Curvature Correction Referred Input and Output 


+Vo V=5.6V—-10V +5V 


Sk 
400°C 
43,.2K"* TRIM 


Q.02V TO 4V QUT = 
2°C TO 400°C 
#0.25°C 


1002 


~ iE 1.21M* 
Rp= ROSEMOUNT 118MF vy 
** =TRW MAR-6 0.1% lout= 907 


*=1% METAL FILM 


OPERATES FROM A SINGLE 5V SUPPLY 


Micropower 1MHz V--F Converter 


TRIGGER 


Q3 REFERENCE 


20k 
$20k"* {MHz 


TYP TRIM 2k 


INPUT 
ov—5V 
1N4148 sora 171004-2.5 
T CAPACITANCE 
= a 171004-1.2 


OUTPUT 
OMHz — 1 MHz 


1000pF (POLYSTYRENE) 


REFERENCE 
SWITCH 


ia = 2N3904 


d 
* =1% METAL FILM 0.12% LINEARITY 
280A QUIESCENT CURRENT 


** =1% METAL FILM, SELECTED = 680pA AT AMHZ 


Po =racta 
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TYPICAL APPLICATIONS 
Micropower Thermocouple Signal Conditioner with Cold Junction Compensation 


4 
(3AA CELLS) 


CATALYST 
RESEARCH CORP. 
MODEL 2736 >" OV TO 3V OUT = 
2.80 °c 60°C 


TOTAL POWER CONSUMPTION = 500,W 
* =TRW MAR-6 0.1% 
R= YELLOW SPRINGS INST. CO 
MODEL 44007 5k@25°C 


TYPE J THERMOCOUPLE 


T1=YELLOW SPRINGS #44201, 
ALL RESISTORS = TRW MAR-6 0.1% UNLESS NOTED. 


E]+— 


Vou 


O{FFERENTIAL 
(MPUT 


i] 
1 
\ 
| 
\ 
' 
! 
! 
13] 


' 
| 
! 
114) 
' 
wutcioag «= CMRR> 12008 AT OC 
| CMRR> 120dB AT 60Hz 
0.01uF ! DUAL SUPPLY OR SINGLE 5V 
“Fu------4 GAIN = 1-+R2/R1 
Vos = 1504 


ANOS = 2yy7°6 
at bs 
COMMON-MODE INPUT VOLTAGE INCLUDES THE SUPPLIES 
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LT1006 SCHEMATIC DIAGRAM 
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i iin Ean ry 
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PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


H8 Package 
TO-5 Metal Can 


J8 Package 
Hermetic DIP 


0.335 0.370 
18.500 —9.398) 
OW 
0.025 
(0.635) 
0.040 RAD TYP 
1.016) 
max 0.165 0.185 0.220 0.310 
‘i MAX i191 4.695) (6.588— 7.674) 
REFERENCE 
SEATING aa Am 
ae Y 0.500~0.750 0.200 
0.010 PANE (1270 19.05) ’ 5 060) 
eov-008 = I} J) Ol] 
i0254=7.143} 7 


0.015~0.060 


0.014-0.026 0.125 
whe 4 0.027 0.045 (0.380-0.680) 3175 
(0.686 — 1.143) MIN 
0.027 - 0.034 AN { 0.038 —0.068 0.100 + 0.010 
0.686 =0.66 s (0.985—1-727) (2.540 = 0.254) 


0968 


0.290 —0,320, 


0.110-0.160 
(2.794 - 4.064) 
INSULATING 
‘STANDOFF 


0.008-0.018 aed 
{0-203 0.480) ie 
NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN 


‘THE REFERENCE PLANE AND SEATING PLANE. 0.38540.025 _, { 


nous (9.779 + 0.635) 
Tne [Se TS Trea [Ge] 
150°C | 150°C | 45°C PC | 100°C 
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N8 Package 
Plastic DIP 


0.250 20.010 
(6.350 + 0.254) 
0,045 -0.065 0.190 20.005, 
143 —1.651) (3.302 20.127) 
‘nis (1,143 = 1,651) 0.000 
1.651 (0.508) 
a an 
18.175} 
i] 
0540.05 “ 
(1-143 0.381) 
0.1002 0.010 0.018 40.003 
@H0'« 0.254) (0.457 0.076) 
now 
0.300 —-0.320 
(7.620 8.128) 
9.009 — 0,015 
(0229-0381) 


0.325 +0.025 


- 0.015 

+0.635) 
(8.255 * 5) Sai) 
Tymat 


8 
700°C _ [TSCA 
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FEATURES 


® Single Supply Operation 
Input Voltage Range Extends to Ground 
Output Swings to Ground while Sinking Current 


= Guaranteed Offset Voltage 400uV Max. 
= Guaranteed Low Drift 3,5nV/°C Max. 
= Guaranteed Offset Current 0.9nA Max. 
= Guaranteed High Gain 
5mA Load Current 1.2 Million Min. 
17mA Load Current 0.5 Million Min. 
= Guaranteed Low Supply Current 570yA Max. 


= Supply Current can be Reduced by a Factor of 4 


= Low Voltage Noise, 0.1Hz to 10Hz 0.55pVp-p 
= Low Current Noise— 

Better than OP-07 0.08pA/VHz at 10Hz 
® High Input Impedance 400M0 Min. 
= Guaranteed Minimum Supply Voltage 2.7V Min. 


APPLICATIONS 


= Low Power Sample and Hold Circuits 

™ Battery Powered Precision Instrumentation 
Strain Gauge Signal Conditioners 
Thermocouple Amplifiers 

= 4mA-20mA Current Loop Transmitters 

= Active Filters 


LT100688 

Precision, Single Supply 

Op Amp 

DESCRIPTION | 


The LT1006S8 is the first precision single supply opera- 
tional amplifier. Its design has been optimized for single 
supply operation with a full set of specifications at 5V. 
Specifications at + 15V are also provided. 


The LT1006S8 has low offset voltage of 80,V, drift of 
0.7nV/°C, offset current of 150pA, gain of 2 million, com- 
mon-mode rejection of 112dB, and power supply rejection 
of 126dB. 


Although supply current is only 350,A, a novel output stage 
can source or sink in excess of 20mA while retaining high 
voltage gain. Common-mode input range includes ground to 
accommodate low ground-referenced inputs from strain 
gauges or thermocouples, and output can swing to within a 
few millivolts of ground. If higher slew rate (in excess of 
{Vius) or micropower operation (supply current down to 
90,A) is required, the operating currents can be modified by 
connecting an external optional resistor to Pin 8. 


For a similar single supply precision dual op amp in the SO 
package, please see the LT1013DS8 data sheet. 


LT1006 Single Supply, Micropower Sample and Hold 
+V 


‘SAMPLE-HOLD COMMAND 
HIGH =SAMPLE: 
LOW =HOLD 


4 


ACQUISITION TIME 204s 
HOLD SETTLING TIME 10ps 
S-H OFFSET imv 
HOLD SUPPLY CURRENT 250 pA 


SAMPLE SUPPLY CURRENT 5.0mA 
kHz SAMPLE RATE CURRENT = 800pA. 
(SAMPLING FOR 20,5, 
HOLDING FOR 300,s) 
DROOP RATE 
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LT1006S8 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage .........c:ccccseeseeseeeeeeeueees +22V 

Input Voltage ........... Equal to Positive Supply Voltage ap View ere 
anand 5V Below Negative Supply Voltage 

Differential Input Voltage...... ita neecadimesdccavees 30V 

Output Short Circuit Duration......... tinh . Indefinite 

Operating Temperature Range ............+.. 0°C to 70°C 

Storage Temperature Range ............. - 65°C to 150°C Sa eACAGE 

Lead Temperature (Soldering, 10sec) .............. 300°C 4006 


ELECTRICAL CHARACTERISTICS Vs = 5V, OV, Vow = OV, VouT = 1.4V, Ta = 25°C, unless otherwise noted. 


LT1006S8 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
ae a ml 
Vos ’ Input Offset Voltage 80 400 WV 
AVog Long Term Input Offset [ 0.7 uViMo 
ATime Voltage Stability 
+ —-} 
los Input Offset Current ee 0.15 0.9 ee nA 
lp Input Bias Current i 10 25 nA 
@ Input Noise Voltage | 0.1H2 to 10Hz 0.55 [Weep 
Input Noise Voltage Density f, = 10Hz (Note 3) i" 23 32 ‘i ne 
f= 1000Hz (Note 3) 22 25 nviVvHz 
in Input Noise Current Density | f= 10Hz =a 0.08 il pAWHz 
Input Resistance (Note 1) 
Differential Mode 100 300 Mo 
| Common-Mode i 4 _| Ga 
Input Voltage Range 35 3.8 “Vv 
0 ~0.3 | Vv 
CMRR Common-Mode Rejection Ratio Vou = OV to 3.5V 97 112 dB 
PSRR Power Supply Rejection Ratio Vg = + 2V to + 18V, Vo=0V 103 124 dB 
Avo. Large Signal Voltage Gain Vo =0.08V to 4V, Ry = 10k 07 2.0 Vin 
Vo = 0.03V to 3.5V, R, = 2k 0.3 1.8 Vin 
Vout Maximum Output Voltage Swing Output Low, No Load 15 25 mV 
Output Low, 6000 to GND 5 10 mV 
Output Low, Igy = 1mA 220 350 mV 
Output High, No Load 4.0 4.4 V 
ml Output High, 6000 to GND 34 4.0 L Vv 
SR Slew Rate 0.25 0.4 Vius 
Is Supply Current Roger = © ; 350 570 pA 
Req = 180k Pin 8 to Pin 7 90 pA 
(Note 2) | 
Minimum Supply Voltage 2.7 7] 
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a 
ELECTRICAL CHARACTERISTICS Vs = = 15V, Ta = 25°C, unless otherwise noted. 


lie LT1006S8 
SYMBOL PARAMETER ie: CONDITIONS MIN TYP MAX UNITS 
Vos Input Offset Voltage aa = 100 525 i uV 
log input Offset Current | 0.15 0.9 | nA 
lp Input Bias Current { a 8.0 20.0 nA 
Input Voltage Range 13.5 13.8 V 
- 15.0 - 153 V 
CMRR Common-Mode Rejection Ratio ‘i Vom = + 13.5V, — 15V 97 116 T dB 
PSRR Power Supply Rejection Ratio | Vg = + 2V to + 18V, Vo= ov 103 124 dB 
Avot Large Signal Voitage Gain Vo= + 10V, Ri = 2k 1.2 4.0 Vin 
[_ Vo= + 10V, R, = 6002 0.5 1.0 Vin 
Vour Maximum Output Voltage Swing R, = 2k _ | £125 +14 _| v 
SR | Slew Rate [ Reer= 0.25 04 Vas 
Reger = 3908 Pin 8 to Pin 4 1.0 1.2 ios Vins 
lg ~ | Supply Current 360 600 pA 


ELECTRICAL CHARACTERISTICS 


Vg =5V, OV, Vom =0V, Vour=1.4V, 0°C:<T,<70°C, unless otherwise noted. 


ae nT. 777 7 es 
LT1006S8 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Vos Input Offset Voltage e 110 560 uV 
_AVos_ Input Offset Voltage Drift e 07 3.5 aie 
ATemp 
log Input Offset Current e 0.3 25 nA 
lp i Input Bias Current e 12 30 { nA 
Avot Large Signal Voltage Gain ~_[__Vo=0.04V to 3.5V, Ry =2k te 0.25 1.2 Viv 
CMRR | Common-Mode Rejection Ratio Vou =0V to 3.4V e| 2 108 [= dB 
PSRR { Power Supply Rejection Ratio co Vg = + 2V to + 18V, Vo=0V e 97 118 as dB 
Vout Maximum Output Voltage Swing Output Low, 6002 to GND — e 6 13 mV 
be Output High, 6000 to GND e 3.2 3.9 V 
Is Supply Current Tel 360 620 uA 
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ELECTRICAL CHARACTERISTICS v= + 15v,0°C <1,<70°C, unless otherwise noted. 


SYMBOL PARAMETER | CONDITIONS MIN “ MAX UNITS 
Vos Input Offset Voltage =r | 150 730 = iV 
AVos input Offset Voltage Drift Te! 1.0 45 NPC 
ATemp 
log Input Offset Current a [eo] 0.25 20 T nA 
lp ie Input Bias Current e 10 23 nA 
Avo. Sli. Large Signal Voltage Gain | Vo= + 10V, Ri = 2k Tel 0.7 2.5 iz Vip 
CMRR Common-Mode Rejection Ratio Vom = 13V, - 15V e 94 114 dB 
PSRR |___ Power Supply Rejection Ratio Vg = +2V to + 18V, Vo=0V 1 e| 97 118 = Ey dB 
Vout Maximum Output Voltage Swing R, = 2k e £115 +138 v 
Is __[ Supply Current fel, 300 6600 —«| uA 


The @ denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: This parameter is guaranteed by design and is not tested. 

Note 2: Regular operation does not require an external resistor. In order to 
program the supply current for low power or high speed operation, connect 
an external resistor from Pin 8 to Pin 7 or from Pin 8 to Pin 4, respectively. 
Supply current specifications (for Rgey = 180k) do not include current in 
Reet. 


Note 3: This parameter is tested on a sample basis only. All noise parame- 
ters are tested with Vs = + 2.5V, Vo =0V. 

Note 4: Optional offset nulling is accomplished with a potentiometer con- 
nected between the trim terminals and the wiper to V~. A 10k pot (providing 
anull range of + 6mV) is recommended for minimum drift of nulled offset 
voltage with temperature. For increased trim resolution and accuracy, two 
fixed resistors can be used in conjunction with a smaller potentiometer. 
For example: two 4.7k resistors tied to pins 1 and 5, with a 5002 pot in the 
middle, will have a null range of + 150pV. 
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Lint AR LT1007/LT1037 


TECHNOLOGY Low Noise, High Speed 
Precision Operational Amplifiers 


FEATURES DESCRIPTION 
= Guaranteed 4.5 nV/ Viz 10 Hz noise The LT1007/LT 1037 series features the lowest noise 
™ Guaranteed 3.8 nV/ VHz 1kHz noise performance available to date for monolithic oper- 
= 0.1 Hz to 10 Hz noise, 60 nV p-p, typical ational amplifiers: 2.5nV/ VHz wideband noise (less 
= Guaranteed 7 million min. voltage gain, than the noise of a 4000 resistor), 1/f corner frequen- 
RL = 2ka cy of 2Hz and 6OnV peak to peak 0.1Hz to 10Hz noise. 
= Guaranteed 3 million min. voltage gain, Low noise is combined with outstanding precision and 
R. = 6002 ‘i ne speed specifications: 10,V offset voltage, 0.2nV/°C 
= Guaranteed 25uV max. offset voltage drift, 130 dB common-mode and power supply rejec- 
= Guaranteed 0.6uV/°C max. drift with temperature tion, and 60MHz gain-bandwith-product on the de- 
= Guaranteed 11V/ usec min. slew rate (LT1037) compensated LT 1037, which is stable for closed loop 
® Guaranteed 117 dB min. CMRR Galnsiolig or gtedteh 


The voltage gain of the LT1007/ 1037 is an extremely 
high 20 million driving a 2k@ toad and 12 miltion driv- 
ing a 6000 load to + 10V. 


In the design, processing, and testing of the device, 
particular attention has been paid to the optimization 


APPLICATIONS of the entire distribution of several key parameters. 
Aegees ! Consequently, the specifications of even the lowest 

= Low Noise Signal Processing , cost grades (the LT1007C and the LT1037C) have 

= Microvolt Accuracy Threshold Detection been spectacularly improved compared to equivalent 

= Strain Gauge Amplifiers grades of competing amplifiers. 

= Direct Coupled Audio Gain Stages 

= Sine Wave Generators The sine wave generator application shown below uti- 

= Tape Head Preamplifiers lizes the low noise and low distortion characteristics 

= Microphone Preamplifiers of the LT 1037. 


Ultra-Pure 1kHz Sine Wave Generator 


0.1Hz to 10Hz Noise 
4302 


#327 Lamp. YO 


VOLTAGE NOISE (20nV/DIV) 


1 


f= TRC Total Harmonic Distortion = < .0025% 
é 7 Noise = < .0001% 
= 1591502 +.1% Amplitude = +8 volts 
C= 01 pt +.1% Output Frequency = 1.000kHz for values TIME (SECONDS) 
given + 4% 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage.................0..000. +22V 
Input Voltage............ Equal to Supply Voltage 
Output Short Circuit Duration........... Indefinite 
Differential Input Current (Note 8)......... +25mA 
Lead Temperature (Soldering, 10 sec.)...... 300°C 
Operating Temperature Range 

LT1007/1037AM,M.......... —55°C to 125°C 

LT1007/1037AC,C .............. 0°C to 70°C 
Storage Temperature Range 

All Devices................. —65°C to 150°C 


PACKAGE/ORDER INFORMATION 


TOP VIEW 
Vos TRIM 


ORDER PART NUMBER 


LT1007AMH LT1037AMH 
LT1007MH LT1037MH 
LT1007ACH LT1037ACH 
LT1007CH LT1037CH 


¥~(CASE) 
METAL CAN H PACKAGE 
LT1007AMJ8 LT1037AMJ8 
LT1007MJ8 LT1037MJ8 
LT1007ACJ8 LT1037ACJ8 
LT1007CJ8 1T1037CJ8 
LT1007ACN8 LT1037ACN8 
LT1007CN8 LT1037CN8 


HERMETIC DIP J8 PACKAGE 
PLASTIC DIP NB PACKAGE 


ELECTRICAL CHARACTERISTICS Vs = +15V, Ty = 25°C, unless otherwise noted. 


LT1007AM/AC LT1007M/C 
LT1037AM/AC LT1037M/C 
SYMBOL PARAMETER CONDITIONS iN OTYP) =o MAX MIN = =TYP) MAX UNITS 
Vos Input Offset Voltage {Note 1) 10 25 20 60 uV 
AV, Long Term Input Offset Voltage 

Atime Stability {Notes 2 and 3) 0.2 1.0 0.2 1.0 uV/Mo 
los Input Offset Current [ [ 7 30 250 nA 
lp Input Bias Current +10 +35 i +15 +55 ce nA 
ey Input Noise Voltage To.tHe to 10Hz (Notes 3 and 5) 0.06 0.13 | 0.06 0.13 ai uVp-p 
Input Noise Voltage Density fo = 10Hz (Notes 3 and 4) ~| 2.8 45 2.8 4.5 nv/ Viz 

fo = 1000Hz (Note 3) | 2.5 3.8 2.5 3.8 nv/ Viz 
in Input Noise Current Density fo = 10Hz (Notes 3 and 6) 1.5 4.0 15 4.0 pA/ Viz 
fy = 1000HZ (Notes 3 and 6) Z| 04 06 - 04 06 pA Viz 

Input Resistance — Common Mode 7 5 Ga 

Input Voltage Range #£11.0 +125 #140 +125 v 

GMRR __|Common Mode Rejection Ratio | Vow = + 11V am 17 130 _[ 110 128 | dB 
PSRR Power Supply Rejection Ratio Vs = +4V to + 18V 110 130 106 126 | dB 
Ayo Tbsige Signal Voltage Gain Ry = 2kQ, Vp = + 12V 70 20.0 5.0 20.0 Vin 
Ri = 1kQ, Vo = + 10V 5.0 16.0 3.5 16.0 V/uV 

R, > 6002, Vo = + 10V _| 30 120 2.0 12.0 ee Vu 

Vour [Maximum Output Voitage Swing | R, > 2ka +130 +138 +125 +135 Vv 
R, > 6000 $11.0 +125 +105 +125 Vv 

SR Slew Rate iT1007 | R, > 2ko i725 ~ | 47 25 T WiuS 
T1037 Ava. > 5 11 15 11 15 ViuS 

GBW Gain-Bandwidth LT 1007 fo = 100kHz (Note 7) 5.0 8.0 5.0 8.0 MHz 
Product: LT 1037 fp = 10kHz (Note 7) (Ave. = 5) 45 60 { 45 60 a MHz 

Z Open Loop Output Resistance Vo = 0, lop = 0 70 70 Q 
Py Power Dissipation LT 1007 80 120 80 140 mW 
_t LT1037—0 80 130 f 85 140 mW 
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ELECTRICAL CHARACTERISTICS 1, 


+ 15V, —55°C < T, < 125°C, unless otherwise noted. 


LT1007AM/LT10374M 
SYMBOL PARAMETER _| CONDITIONS TYP —s MAX Min TYP. MAX UNITS 
Vos___| Input Offset Voltage (Note 1) 50 160 
AVos Average Input Offset Drift (Note 9) 
ATemp 
log \input Offset Current 
lp Input Bias Current 
Input Voltage Range _| 

CMRR [Common Mode Rejection Ratio Vom = + 10.3V 
PSRR Power Supply Rejection Ratio IVs = +4,5V to + 18V 
Avo. [Large Signal Voltage Gain Ry = 2kQ, Vy = +10V 

Ry = 1k, Vo = + 10V 
Vout —_[Maximum Output Voltage Swing | Ry = 2k2 
Py Power Dissipation lee 


ELECTRICAL CHARACTERISTICS 1, 


+ 15V, O°C < T, < 70°C, unless otherwise noted. 


LT1007AC/1T1037AC 171007€/111037C 
SYMBOL PARAMETER _| CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vos _|Input Offset Voltage (Note 1) 20 50 uv 
AV Average Input Offset Drift (Note 9) 0.2 0.6 wie 
ATemp 


Input Offset Current 
Input Bias Current 
Input Voltage Range 


+14 +45 +20. +75 
$105 +118 #105 +18 | 


CMRR Common Made Rejection Ratio Vom = + 10.5V 114 126 106 120 
PSRR Power Supply Rejection Ratio Vs = +4.5V to + 18V 106 126 402 120 | dB 
Avot Large Signal Voltage Gain R, = 2kQ, Vy = +10V 4.0 18.0 2.5 18.0 ViuV 
R, = 1kQ, Vy = + 10V 2.5 14.0 2.0 14.0 ViuV 
Vout Maximum Output Voltage Swing | Ri = 2ka +125 +136 £120 +136 v 
Py Power Dissipation 90 144 90 160 mW 
NOTES: Note 4: 10Hz noise voltage density is sample tested on every lot. 


The @ denotes the specifications which apply over full operating 
temperature range. 


For MIL-STD components, please refer to LTC 883C data sheet for test 
listing and parameters. 


Note 1: Input Offset Voltage measurements are performed by 
automatic test equipment approximately 0.5 seconds after 
application of power. AM and AC grades are guaranteed fully 
warmed up. 

Note 2: Long Term Input Offset Voltage Stability refers to the average 
trend line of Offset Voltage vs., Time over extended periods after the 
first 30 days of operation. Excluding the initial hour of operation, 
changes in Vos during the first 30 days are typically 2.5.V — refer 
to typical performance curve. 

Note 3: This parameter is tested on a sample basis only. 


Devices 100% tested at 10Hz are available on request. 

Note 5: See the test circuit and frequency response curve for 0.1Hz to 
10Hz tester in the Applications Information section. 

Note 6: See the test circuit for current noise measurement in the 
Applications Information section. 

Note 7: This parameter is guaranteed by design and is not tested. 
Note 8: The inputs are protected by back-to-back diodes. Current 
limiting resistors are not used in order to achieve low noise. If 
differential input voltage exceeds + 0.7V, the input current should be 
limited to 25mA. 

Note 9: The Average input Offset Drift performance is within the 
specifications unnulled or when nulled with a pot having a range of 
Bko to 20k2. 
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LT1007/LT 1037 


TYPICAL PERFORMANCE CHARACTERISTICS 


10Hz Voltage Noise Distribution 


140-4 —— 
i | Vs = +15V 
120 iT, = 25°C 
jini | aed 
wo 100 497 UNITS MEASURED 
z ! FROM SIX RUNS 
a 80 ++ 4 
S | 
& 60 LI Jah 
= 
2 
= 0 4 
20 + : 
o LI | | 
0123 45 678 9 0 
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_| . 
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10.0 F 
i 
‘£ 1 
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Voltage Noise vs Frequency 


— 


sll 
Pte 


+ H : + 

t os Vg = + 16V mist 
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ett H mn 


£5es: 


w 
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FREQUENCY (Hz) 


Total Noise vs Source Resistance 


=F 


SOURCE RESISTANCE {k22) 


Wideband Voltage Noise 


(0.1Hz to Frequency indicated) 


10 = = = 
= ti i 
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g 0 SpeeSSe a 
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> 0.1 : ae 
g ne 
ec 
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0.02 to 10Hz RMS Noise. Gain = 50,000 


RMS VOLTAGE NOISE DENSITY nv/ VHz 


AMS VOLTAGE NOISE DENSITY nv/ Viz 


(Measured on HP3582 Spectrum Analyzer) 


Cn SE Re oe 108 uve RT 
Sp dave 


Marker at 2Hz(= 1/f corner) = 


179uV/ V2 _ 4 5g _nV 


50,000 Viz 


Voltage Noise vs Temperature 


am T 
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3 AT 10Hz 
3 RSE 
= AT tkHz {J 
H | 
2 i + 
ie) | 
[Vs '= + 15V 
1 ae ee oo 
i i { 
a pot 1 
f= 1] 


0 ] 
—50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 


Voltage Noise vs Supply Voltage 


5 17 For 7 
car ! 
3 + AT 10Hz ——4 
ai 7 AT 1kHz 
1 7 Ta = 25°C 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Voltage Gain vs Frequency Voltage Gain vs Supply Voltage Voltage Gain, R, = 2K and 6000 
180 = 25 5 s 
460 Ty = 25°C eo : 
Vs = + 15V % 0 =A ; 
140 Ry = 2k > ae S 
z = = 
@ 120 & > 0 we 
= S 45 at aS 
= wr1037 | 3 Ss te 
We 80 LT1007 { 5 18 +1 ~18 5 
= 60 S 10 aaa pe 5S 
fe =) S oz 
=> 40 Ss = 
20 ze 8 z 1 
Oo 
0 
-20 0 
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FREQUENCY (Hz) SUPPLY VOLTAGE (VOLTS) OUTPUT VOLTAGE (V) 
MEASURED ON TEKTRONIX 178 LINEAR IC TESTER 2 
Voltage Gain vs Load Resistance Voltage Gain vs Temperature Warm-Up Drift 
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TYPICAL PERFORMANCE CHARACTERISTICS 


CMRR (dB) 


INPUT BIAS CURRENT (nA) 


POWER SUPPLY REJECTION RATIO (dB) 


Common Mode Rejection vs 


Frequency 
140 mH —— 
T= 25°C | 
Vs = + 15V 
120 Vom = + 10V 
100 
LT1037 
ou 171007 
60 | 
i 
49 LLU 
10° 10° 10° 10° 10° 
FREQUENCY (Hz) 
Input Bias Current vs 
Temperature 
50 
(Vg = £15V 
40 |-+--——— or 
30 ee as 
20 pe Oh i al 
NET 1007/1037M 
10 +4 
“1 | | L71007/1037AM 
0 shctl al 
~50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 
PSRR vs Frequency 
160 ; 
Ty = 25°C i 
140 --—++-—-- Sees 
120 a a 
100 |—+- Pea 
ears NEGATIVE | 
80 SUPPLY 
60 }—}+-—_+ 
| 1 
40 | —1—-|- POSITIVE 
| | “gupety 
20 |p 
Ai 
1 10 10° 10° 10* 10° 10° 107 10° 
FREQUENCY (Hz) 


Common Mode Limit vs Temperature 
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TYPICAL PERFORMANCE CHARACTERISTICS 


LT1037 Small Signal 
Transient Response 
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LT1007 Small Signal 
Transient Response 


Ave. = +1, Vg= +15V 


Cy =15pF 


111037 Large Signal Response 


Avec. = +5, Vg = + 15V 
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T1037 Phase Margin, Gain Bandwidth 
Product, Slew Rate vs Temperature 
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100kHz (MHz) 


GAIN BANDWIDTH PRODUCT, f, 


10kHz (MHz) 


GAIN BANDWIDTH PRODUCT, f, 


LT1007/LT 1037 
APPLICATIONS INFORMATION 


General 

The LT1007/ 1037 series devices may be inserted di- 
rectly into OP-07, OP-27, OP-37, and 5534 sockets 
with or without removal of external compensation or 
nulling components. In addition, the LT1007/1037 
may be fitted to 741 sockets with the removal or modi- 
fication of external nulling components. 


Offset Voltage Adjustment 

The input offset voltage of the LT1007/ 1037 and its 
drift with temperature, are permanently trimmed at 
wafer testing to a low level. However, if further adjust- 
ment of Vos is necessary, the use of a 10k nulling po- 
tentiometer will not degrade drift with temperature. 
Trimming to a value other than zero creates a drift of 
(Vos/300) nV/°C, @.g., if Vos is adjusted to 300,V, the 
change in drift will be 1uV/°C. 


Standard Adjustment 
INPUT 


The adjustment range with a 10k pot is approximately 
+2.5mV. If less adjustment range is needed, the sen- 
sitivity and resolution of the nulling can be improved 
by using a smaller pot in conjunction with fixed resis- 
tors. The example has an approximate null range of 
+200uV. 


Improved Sensitivity Adjustment 


Offset Voltage and Drift 

Thermocouple effects, caused by temperature gradi- 
ents across dissimilar metals at the contacts to the in- 
put terminals, can exceed the inherent drift of the 


amplifier unless proper care is exercised. Air currents 
should be minimized, package leads should be short, 
the two input leads should be close together and main- 
tained at the same temperature. 


The circuit shown to measure offset voltage is also 
used as the burn-in configuration for the LT1007/ 
1037, with the supply voltages increased to + 20V. 


50k* 


Yo Test Circuit for Offset Voltage 
and Offset Voltage Drift with 
Temperature 


—15V 
Vp =1000 Vos 

*RESISTORS MUST HAVE LOW 

= THERMOELECTRIC POTENTIAL 


Unity Gain Buffer Appiications (LT1007 Only) 

When R; < 1000 and the input is driven with a fast, 
large signal pulse (> 1V), the output waveform will 
look as shown in the pulsed operation diagram. 


50k* 


Rr 


NS 2.BV/pSEC 
OUTPUT 8 


During the fast feedthrough-like portion of the output, 
the input protection diodes effectively short the output 
to the input and a current, limited only by the output 
short circuit protection, will be drawn by the signal 
generator. With R = 5000, the output is capable of 
handling the current requirements (I, < 20mA at 10V) 
and the amplifier stays in its active mode and a 
smooth transition will occur. 


As with all operational amplifiers when Ry > 2kQ, a 
pole will be created with R; and the amplifier’s input 
capacitance, creating additional phase shift and re- 
ducing the phase margin. A small capacitor (20pF to 
50pF) in paraltel with R; will eliminate this problem. 
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APPLICATIONS INFORMATION — NOISE 


Noise Testing 

The 0.1Hz to 10Hz peak-to-peak noise of the LT1007/ 
1037 is measured in the test circuit shown. The fre- 
quency response of this noise tester indicates that the 
0. 1Hz corner is defined by only one zero. The test time 
to measure 0.1Hz to 10Hz noise should not exceed 10 
seconds, as this time limit acts as an additional zero to 
eliminate noise contributions from the frequency band 
below 0.1Hz. 


Measuring the typical 60nV peak-to-peak noise per- 
formance of the LT1007/ 1037 requires special test 
precautions: 


(a) The device should be warmed up for at least five 
minutes. As the op amp warms up, its offset volt- 
age changes typically 3uV due to its chip tem- 
perature increasing 10°C to 20°C from the 
moment the power supplies are turned on. In the 
10 second measurement interval these tempera- 
ture-induced effects can easily exceed tens of 
nanovolts. 


(b) For similar reasons, the device must be well 
Shielded from air currents to eliminate the pos- 
sibility of thermoelectric effects in excess of a 
few nanovolts, which would invalidate the 
measurements. 


(c) Sudden motion in the vicinity of the device can 
also “feedthrough” to increase the observed 
noise. 


0.1Hz to 10Hz Noise Test Circuit 


0.1yF 


VOLTAGE GAIN 
= A 000 


* DEVICE UNDER TEST 


NOTE: ALL CAPACITOR VALUES ARE FOR 
NON-POLARIZED CAPACITORS ONLY. = 


A noise-voltage density test is recommended when 
measuring noise on a large number of units. A 10Hz 
noise-voltage density measurement will correlate well 
with a 0.1Hz to 10Hz peak-to-peak noise reading since 
both results are determined by the white noise and the 
location of the 1/f corner frequency. 


Current noise is measured in the circuit shown and 
calculated by the following formula: 


fe2no— (130nV)2] ” 


In="—TMQ x 100 


The LT 1007/1037 achieves its low noise, in part, by 
operating the input stage at 120,A versus the typical 
10,A of most other op amps. Voltage noise is inverse- 
ly proportional while current noise is directly propor- 
tional to the square root of the stage current. Therefore 
the LT1007/1037’s current noise will be relatively 
high. At low frequencies, the low 1/f current noise 
corner frequency (= 120Hz) minimizes current noise 
to some extent. 


In most practical applications, however, current noise 
will not limit system performance. This is illustrated in 


0.1Hz to 10Hz p-p Noise 
Tester Frequency Response 


a 
=8 

m 
GAIN (dB) 


FREQUENCY (Hz) 


LT WeAR 
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LT 1007 /LT 1037 


the total noise versus source resistance plot, where 
total noise = [(voltage noise)” + (current noise X R,)° 
+ (resistor noise?]* 

Three regions can be identified as a function of source 
resistance: 


(i) Rg, < 400Q. Voltage noise dominates 
(ii) 4000 <R, < 50k@ at oa Resistor noise 
4000 < R, < 8k@ at 10Hz | dominates 


(iii) Rs > 50kQ at 1kHz Current noise 
Rs > 8kQ at 10Hz } dominates 
Clearly the LT1007/ 1037 should not be used in region 
(iii), where total system noise is at least six times high- 


er than the voltage noise of the op amp, i.e., the low 
voltage noise specification is completely wasted. 


TYPICAL APPLICATIONS 


Gain 1000 Amplifier with 0.01% 
Accuracy, DC to Siz 


20k 
340k = 15k 
% 5g, TRIM 


INPUT RNGOC FILM RESISTORS 


The high gain and wide bandwidth of the LT1037 and (LT 1007) is useful in 

low frequency high closed loop gain amplifier applications. A typical precision 

Op Amp may have an open loop gain of one million with 500kHz bandwidth. As the 

gain error plot shows, this device is capable of 0.1% amplifying accuracy up to 0.3Hz 

only. Even instrumentation range signals can vary at a faster rate. The LT 1037's 
“gain precision — bandwidth product” is 200 times higher, as shown. 


Microvolt Comparator with Hysteresis 


Positive feedback to one of the nulling terminals creates approximately 5,.V of 
hysteresis. Output can sink 16mA. 


Input offset voltage is typically changed less than SuV due to the feedback, 


Galn Error vs Frequency 
Closed Loop Gain = 1000 


10 == 
F TYPICAL, 
PRECISION ao 
= OP AMP : 
bad j i T1007 | 
= 0.1 
oa 
= { 
c 
i] eS 
2 T1037 
3 0.01 = 
vatt t at 
ag CLOSED LOOP GAIN || 
is ERROR = ———______ 
recite __, OPEN LOO! LOOP GAIN 
0.001 a or arr 
0.1 1 10 100 
FREQUENCY {Hz} 


Precision Amplifier Drives 3000 Load to + 10V 
340k 1% 


20k 5% — 10k 


OUTPUT + 10V 


RL 
3000 


The addition of the LT1007 doubles the amplifiers output drive to + 33mA. 
Gain accuracy is 0.02%, slightly degraded compared to above because of 
setf heating of the LT1037 under load. 
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TYPICAL APPLICATIONS 


Phono Preamplifier Tape Head Amplifier 


499k 01 


ia OUTPUT 


TAPE HEAD 
INPUT 


ie MAG. PHONO ALL RESISTORS METAL FILM 


(NPUT 
ALL RESISTORS METAL FILM 


Infra-Red Datector Preamplifier 


CHOPPED DETECTOR 
OUTPUT 


+15V SUA re. 


100uF OUTPUT 
IR RADIATION TO DEMODULATOR 


— 
| PHOTO CONDUCTIVE 392K" 
OPTICAL DETECTOR SYNCHRONOUS 
CHOPPER HgCdTe TYPE 
INFRA-REO ASSOCIATES, INC. 
3920" 


= 139 AT 77°K 


* 2 1% METAL FILM = 


+7.5V 


Strain Gauge Signal Conditioner 
with Bridge Excitation 


171009 


REFERENCE 
OUT 


3500. 
BRIDGE 
4 
OTO 10V 
OUTPUT 
* 
301k 
* 
* RNGOC FILM RESISTORS 49932 


The LT1007 is capable of providing excitation current directly to bias the 
35002 bridge at SV. With only SV across the bridge (as opposed to the 

> usual 10V) total power dissipation and bridge warm-up drift is reduced. The 
bridge output signal is halved, but the LT1007 can amplify the reduced signal 
accurately. 
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LT 1007 /LT1037 
SCHEMATIC DIAGRAM 


NON-INVERTING 
INPUT (+) 


INVERTING 
INPUT (—) 


C1 = 110pF FOR LT 1007 
1 = 12pF FOR LT1037 


PACKAGE DESCRIPTION 


H Package J8 Package N8 Package 
Metal Can 8 Lead Hermetic Dip 8 Lead Plastic 


we 


ane Oe 


wel] 


0.023 
aout? 


NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED. NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED. 
NOTE: DIMENSIONS IH CHES: “LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE “LEADS WITHIN 0.007 OF TRUE POSITION (7?) AT GAUGE PLANE. 


Tmax 9, 
100°C | 130°C/W 


150°C | 150°C/W | 45°C 
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TECHNOLOGY 


FEATURES 


Guaranteed 4.5nViVHz 10Hz Noise 

= Guaranteed 3.8nV/VHz 1kHz Noise 

® 0.1 Hzto 10Hz Noise, 60nVp-p, Typical 

= Guaranteed 5 Million Min. Voltage Gain, Ry = 2k0 
= Guaranteed 2 Million Min. Voltage Gain, R_ = 6000 
= Guaranteed 60yV Max. Offset Voltage 

® Guaranteed 1.0,V/°C Max. Drift with Temperature 
«= Guaranteed 11Viysec Min. Slew Rate (LT 1037) 

@ Guaranteed 110dB Min. CMRR 


APPLICATIONS 


= Low Noise Signal Processing 

® Microvolt Accuracy Threshold Detection 
® Strain Gauge Amplitiers 

« Direct Coupled Audio Gain Stages 

= Sine Wave Generators 

= Tape Head Preamplifiers 

= Microwave Preamplifiers 


Ultra-Pure 1kHz Sine Wave Generator 
4309 


#327 Lamp. 


1 


= FERC 
R= 1591.52 =.1% 
C= 0.1 pl 1% 


Total Harmonic Distortion = < .0025% 

Noise = < J 

Amplitude = + 8 volts 

Output Frequency = 1.000kHz for values 
given + .4% 


001% 


LT1007CS/LT1037CS 


Low Noise, High Speed 
Precision Operational Amplifiers 


DESCRIPTION 


Next to the LT1028, the LT1007/LT1037 series features the 
lowest noise performance available to date for monolithic 
operational amplifiers: 2.5nViVHz wideband noise (less 
than the noise of a 4000 resistor), 1/f corner frequency of 
9Hz and 60nV peak to peak 0.1Hz to 10Hz noise. Low noise 
is combined with outstanding precision and speed speci- 
fications: 20,V offset voltage, 0.3,V/°C drift, 126dB 
common-mode and power supply rejection, and 60MHz 
gain-bandwidth-product on the decompensated LT1037, 
which is stable for closed loop gains of 5 or greater. 


The voltage gain of the LT1007/LT 1037 is an extremely high 
20 million driving a 2kQ load and 12 million driving a 6000 
loadto + 10V. 


In the design, processing, and testing of the device, par- 
ticular attention has been paid to the optimization of the 
entire distribution of several key parameters. Conse- 
quently, the specifications have been spectacularly im- 
proved compared to competing amplifiers. 


The sine wave generator application shown below utilizes 
the low noise and low distortion characteristics of the 
171037. 


0.1Hz to 10Hz Noise 


VOLTAGE NOISE (20nV/DIV) 


TIME (SECONDS) 
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ABSOLUTE MAXIMUM RATINGS 


PACKAGE/ORDER INFORMATION 


Supply Voltage . +22V 
ee ee ey = TOP VIEW 
Input Voltage ..............eces Equal to Supply Voltage ORDER PART NUMBER 
Output Short Circuit Duration..............0008 Indefinite 
Differential Input Current (Note 5)................ + 25mA LT1007CS 
Lead Temperature (Soldering, 10 sec.)............4. 300°C LT1037CS 
Operating Temperature Range ............... 0°C to 70°C 
Storage Temperature Range 
All DeviceS...........cccereceeeennens - 65°C to 150°C 
PART MARKING 
LT1007CS 
S16 PACKAGE 
PLASTIC SOL 111037 
| 
ELECTRICAL CHARACTERISTICS Vg = + 15V, Ta = 25°C, unless otherwise noted 
ani LT1007¢ 
1T1037C 
SYMBOL PARAMETER | CONDITIONS MIN Tye MAX | UNITS 
Vos Input Offset Voltage (Note 1) | 20 60 wv 
Vos Long Term Input Offset Voltage \ {Notes 2 and 3) 0.2 1.0 pViMo 
ATime Stability 
ing Input Offset Current ee mn 9 | nA 
lp Input Bias Current \ +15 +55 ee nA 
Cp Input Noise Voltage = 0.1Hz to 10Hz (Note 3) Zz 0.06 0.13 uVp-p 
| Input Noise Voltage Density fy = 10Hz (Note 3) 28 4.5 | nViVHz 
L f, = 1000Hz (Note 3) 25 3.8 nVVHz 
in Input Noise Current Density f= 10Hz (Note 3) 15 4.0 | pAIVHz 
|__ f= T000Hz (Note 3) 04 a 
iE Input Resistance—Common-Mode a 5 Go 
fia Input Voltage Range an ies +11.0 +125 L v 
CMRR Common-Mode Rejection Ratio ie Vou = + 11V 110 126 dB 
PSRR Power Supply Rejection Ratio Vg= + 4V to + 18V af 106 126 if dB 
Avo Large Signal Voltage Gain We A. 22k0, Vo= + 12V 5.0 20.0 Vin 
RL = 1k0, Vo= + 10V 3.5 16.0 VinV 
fee A, 26000, Vo= + 10V 2.0 12.0 Vin 
Vour Maximum Output Voltage Swing RL=2ka [i +12.5 +135 al Vv 
| R. 26002 +105 £125 V 
SR Slew Rate LT1007 Ry =2k0 17 25 Vius 
LT1037 | Ay 25 1 15 =f Vins 
GBW Gain-Bandwidth LT1007 fo= 100kHz (Note 4) “| 5.0 8.0 MHz 
Product T1037 Silt fy = 10kHz (Note 4) (Ayo. > 5) 45 60 MHz 
Zo a Open Loop Output Resistance Vo =9,lp=0 70 2 
Py Power Dissipation LT1007 sil 80 140 mW 
171037 _| 85 140 mW 
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ELECTRICAL CHARACTERISTICS Vg = + 15V, 0°C<T, <70°C, unless otherwise noted 


LT1007C/LT1037C 
PARAMETER CONDITIONS MIN TYP MAX UNITS 


SYMBOL 


Vos ik Input Offset Voltage (Note 1) [el 35 110 wv 
AVos Average Input Offset Drift (Note 6) e 0.3 1.0 pic 
ATemp | ak 
los a: Input Offset Current e 15 70 nA 
Ip Input Bias Current e +20 +75 nA 
Input Voltage Range i mcs +105 +118 Vv 
CMRR zi Common-Mode Rejection Ratio | Vow= + 10.5V e 106 120 dB 
PSRR Power Supply Rejection Ratio Vg = +4.5V to + 18V 102 120 dB 
Avot Large Signal Voltage Gain | Ry 22k0, Vo= + 10V tet 25 18.0 VipV 
R.2 1k0, Vo= + 10V e 2.0 14.0 Vin 
Vout Maximum Output Voltage Swing R, 22k0 e | +120 +136 V 
Py |___ Power Dissipation Te 90 160 mW 
The @ denotes the specifications which apply over full operating tempera- Note 3: This parameter is tested on a sample basis only. 
ture range. Note 4: This parameter is guaranteed by design and is not tested. 
Note 1: Input Offset Voltage measurements are performed by automatic Note 5: The inputs are protected by back-to-back diodes. Current limiting 
test equipment approximately 0.5 seconds after application of power. resistors are not used in order to achieve low noise. If differential input volt- 


Note 2: Long Term input Offset Voltage Stability refers to the average trend age exceeds + 0.7V, the input current should be limited to 25mA. 
line of Offset Voltage vs. Time over extended periods after the first 30 days Note 6: The Average Input Offset Drift performance is within the specifica- 


of operation. Excluding the initial hour of operation, changes in Vos during tions unnulled or when nulled with a pot having a range of 8k@ to 20k2. 
the first 30 days are typically 2.5,V. 
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FEATURES 
= Guaranteed Bias Current 
D5 Gast tet le Ae ed dd 100pA max. 

—55°C to 125°C «6.6... wee. 600pA max. 
= Guaranteed Offset Voitage......... 120uV max. 
= Guaranteed Drift...........-. 1.5nV/°C max. 
m Low Noise, 0.1Hz to 10Hz........... 0.5uVp-p 
= Guaranteed Low Supply Current .. . .6004A max. 
= Guaranteed C(MRR.............-- 114 dB min. 
= GuaranteedPSRR ...........--+- 114 db min. 
= Guaranteed Voltage Gain with 5mA 


load current 


APPLICATIONS 


Precision instrumentation 

Charge integrators 

Wide dynamic range logarithmic amplifiers 
Light meters 

= Low frequency active filters 

= Standard cell buffers 

= Thermocouple amplifiers 


LT1008 


Picoamp Input Current, 
Microvolt Offset, 
Low Noise Op Amp 


DESCRIPTION 


The LT 1008 is a universal precision operational ampli- 
fier which can be used in practically all precision ap- 
plications. The LT1008 combines for the first time 
picoampere bias currents (which are maintained over 
the full —55°C to 125°C temperature range) microvolt 
offset voltage (and low drift with time and tempera- 
ture), low voltage and current noise, and low power 
dissipation. Extremely high common-mode and power 
supply rejection ratios, and the ability to deliver 5mA 
load current with high voltage gain round out the 
LT 1008's superb precision specifications. 


The all around excellence of the LT 1008 eliminates the 
necessity of the time consuming error analysis proce- 
dure of precision system design in many applications; 
the LT1008 can be stocked as the universal precision 
op amp. 


The LT 1008 is externally compensated with a single 
capacitor for additional flexibility in shaping the fre- 
quency response of the amplifier. It plugs into and up- 
grades all standard LM108A/308A applications. For 
an internally compensated version with even lower 
offset voltage but otherwise similar performance see 
the LT1012. 


ee 
Input Amplifier for 4% Digit Voltmeter Input Blas Current vs Temperature 


TO 1V FULL SCALE 
ANALOG TO DIGITAL 
CONVERTER 


® RATIOMATCH +.01% 


voltage, low noise, and low drift with time and 
temperature. 


LT We 


7o00v This application requires low bias current and offset 


UNDERCANCELLED UNI 


“50-25 0 25 50 
TEMPERATURE (°C) 


7% 100 125 
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ABSOLUTE MAXIMUM RATING 


Supply Voltage....................0005 +20V 
Differential Input Current (Note 1)......... +10mA 
Input Voltage 6.2... eee eee eae +20V 
Output Short Circuit Duration........... Indefinite 
Operating Temperature Range 

LT1008M ...............08. —55°C to 125°C 

LT1008C .................0008, 0°C to 70°C 
Storage Temperature Range 

All Devices................. —65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)...... 300°C 


PACKAGE /ORDER INFORMATION 


ORDER PART NO. 


TOP VIEW 


LT1008MH 
LT1008CH 


V—(CASE) 
METAL CAN H PACKAGE 


TOP VIEW 


LT1008CN8 
COMP 1 8 COMP2 
-IN 2 V+ 
+IN 3 ouT 
v- 4 NC 


PLASTIC DIP N8 PACKAGE 


ELECTRICAL CHARACTERISTICS Vs = + 15V, Vey = OV, T, = 25°C, unless otherwise noted. 


LT1008M Lr1008C 

SYMBOL PARAMETER CONDITIONS _| MIN = =OTYP)—s MAX MIN =6TYP) =o MAX UNITS 
Vos input Offset Voltage 30 120 30 {20 uv 
Note 2 + 40 180 40 180 uv 

Long Term Input Offset Voltage 

Stability +. 0.3 0.3 uV/month 
los input Offset Current 30. 100 | 30. 100 pA 
Note 2 40 150 40 150 pA 
Ip Input Bias Current ri +30 +100 +30 +100 pA 
Note 2 +40 +150 a +40 +150 pA 
Cn Input Noise Voltage 0.1Hz to 10Hz 0.5 0.5 uVp-p 
en Input Noise Voltage Density fy = 10Hz (Note 3) f 7 30 7 30 el nVVHz 
fy = 1000Hz (Note 4) 14 22 14 22 avviiz 
in Input Noise Current Density fo = 10Hz 20 20 fA/VHz 
Avot 7 Large Signal Voltage Gain Vour = + 12V, Rp = 10kQ T 200 2000 200 2000 VimV 
the: Vour = + 10V, Ri > 2k _|__ 120 600 120 600 VimV 
CMRR spooainon Mode Rejection Ratio Vom = + 13.5V 114 132 | 114 132 dB 
PSRR Power Supply Rejection Ratio Vs = +2V to +20V 114 132 114 132 dB 
Input Voltage Range +135 +140 | +1385 +140 = Vv 
Vout Output Voltage Swing Ry = 10kQ +13 +14 +13 «+14 v 
C; = 30pF [os 02 [01 02 V/usec 
Supply Current 380 600 380 600 uA 
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ELECTRICAL CHARACTERISTICS y, = = 15¥, vin = 0v, 0°C < 1, < 70°C for the LT10086 and 


—55°C < Ty < 125°C for the LTIOO8M, unless otherwise noted. 


{T1008 Ly1008C 
SYMBOL | PARAMETER CONDITIONS { win oTve) OMAK UNITS 
Vos Input Offset Voltage | ile 50 250 WW 
Note 2 el 60320 AY 
Tinverage Temperature Coefficient of y 
input Offset Voltage le| 02 15 ; PA 
los Input Offset Current e 60 250 40 180 pA 
Note 2 _je|_ 80 350 50 250 pA 
Average Temperature Coefficient of 
| {nput Offset Current e a 04 25 0.4 2.5 pa/°c 
lp Input Bias Current e +80 +600 +40 +180 pA 
ee Note 2 | e +150 +800 +50 +250 pA 
Average Temperature Coefficient of i T 
Input Bias Current e 0.6 6.0 0.4 2.5 pa/cc 
Avot Large Signal Voltage Gain Vour = + 12V, Rp = 10k0 @| 100 4000 150 1500 | Vim 
CMRR Common Mode Rejection Ratio Vom = +.13.5V e| 108 128 110 130 dB 
PSRR Power Supply Rejection Ratio Vs = +2.5V to +20V @| 108 126 110 128 dB 
Input Voltage Range @) +135 + 13.5 V 
Vour Output Voltage Swing Ri = 10kQ @\/+13 +14 +13 +14 Vv 
Ig Supply Current e 400 800 400 800 pA 


The @ denotes the specifications which apply over the full Operating temperature range. 


Note 1: Differential input voltages greater than 1V will cause excessive current to flow through the input protection diodes unless current limiting 
resistors are used. 

Nate 2: i specifications apply for +2V < Vs < +20V (+2.5V < Vs < +20V over the temperature range) and — 13.5V < Voy <13.5V (for 
Vs = + 15V). 

Note 3; 10Hz noise voltage density is sample tested on every lot. Devices 100% tested at 10Hz are available on request. 

Note 4: This parameter is tested on a sample basis only. 


FREQUENCY COMPENSATION CIRCUITS 


Standard Compensation Circuit Alternate* Frequency Compensation 


Ri R2 R1 R2 
—Vw 


Vout Vout 


+Vin +Vin 


8 
R1 Cy C5** 
R1 + R2 L 100 pF 

Cr* Co = 30 pF = 


Gy = 


** BANDWIDTH AND SLEW RATE ARE * IMPROVES REJECTION OF POWER 
PROPORTIONAL TO 1/C; SUPPLY NOISE BY A FACTOR OF 5. 


** BANDWIDTH AND SLEW RATE ARE 
PROPORTIONAL TO 1/Cs 


FOR = >> 200 NO EXTERNAL FREQUENCY COMPENSATION IS NECESSARY 


a 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Offset Voltage Drift vs Source Resistaace 


(Balanced or Unbalanced) 
00 ———-— se 


es ee ee | 
“tk 10k 100k 1M~—s 10M_—s«100M 
SOURCE RESISTANCE (OHMS) 


OFFSET VOLTAGE DRIFT WITH TEMPERATURE (V/°C) 


: Warm-Up Drift 

: 

= 

g 

3 

é METAL CAN (H) PACKAGE 
z DUAL-IN-LINE PACKAGE 
ws PLASTIC (N) OR CERDIP 
Zz 

Fd 


0 1 2 3 4 5 
TIME AFTER POWER ON (MINUTES) 


Offset Voltage vs Source Resistance Input Bias Current Over 
(Balanced or Unbalanced) Common Mods Range 
10.0 z 60 Ve= 2 iV | 


Ta = 28°C 


a DEVICE WITH POSITIVE INPUT CURRENT 
20 T 


Anew = 2X 10% 


DEVICE WITH NEGATIVE INPUT CURRENT 


INPUT OFFSET VOLTAGE (mV) 


INPUT BIAS CURRENT (pA) 
i—] 


-40 Vem 
1 700M ~ 60 Lellalt Bs aces 
Wee RS 0 AM 1M -1 -10 -5 0 5 0 15 
SOURCE RESISTANCE (OHMS) COMMON-MODE INPUT VOLTAGE 
Long Term Stability of Four Offset Voltage Drift with Temperature 
Representative Units of Four Representative Units 
10 60 To 
40 
Ss 
S 20 
g 
3 0 
Fa 
id -20 
—40 }—+ 


= Supply Current vs Supply Voltage 


SUPPLY CURRENT (uA) 
s 


0 +5V 


+10V +15V 
SUPPLY VOLTAGE 


SHORT CIRCUIT CURRENT (mA) 


SOURCING 


—60 
—-50 ~25 09 2 50 75 100 125 
TEMPERATURE (°C) 


: Output Short Circuit Current vs Time 
1 ———~ 
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TYPICAL PERFORMANCE CHARACTERISTICS 


0.1Hz to 10Hz Noise Nolse dele Total Noise vs Source Resistance 
—— 1000 10.0 
Ta= 25°C sus s 
6 Meeey wa gS Bo [t= 25°C AT GHz 
2 =z = Vs = +2Vto 220} nana 
= ze 10 : 
8 BS i= ++ 
= wa 2 R + 
g Be Ae esses 
ban ss Q R “Rs = 2R 
a za 3 01 
= Be z = 
re ae 5 [Ar tote 
2 33 AT akz RESISTOR NOISE 
0.01 + 
0 2 4 6 8 10 1 40 100 4000 1 10°) «10S 10s t0*— 10” 10® 
RESISTANCE (OHMS 
TIME (SECONDS) FREQUENCY (Hz) SOE ESSIEN) 
/ 
/ 
Gain, Phase Shift vs Frequency Gain, Phase Shift vs Frequency 
Pe Voltage Gain vs Frequency ag With Alternate Compensation wth Standard (Feedback) Compensation 
30 LK iT] 4. 120 30 120 
IBN 
g Sm si 
z a 2 ; X\ 402 = 20 140 
= = = 
Zz = on) cz E 
: 3 wo ~K 160 y 5 10 160 4 
0 180 0 180 
T= 25°C |/0 
—29 +++ Vs = + 15V' 
0.01 0.1 1 10 100 1k 10k 100k 1M 10M -9 ae eo es nat 0 5 rhe 
FREQUENCY (H2) enisios pas FREQUENCY (MHz) 
sow Voltage Gain vs Load — as Common Mode Rejection vs Frequency ao Fewer Supply Rejection vs Frequency 
= 
ao a 
ae 3 120 
e E 
= 100 = 109 
z FS z 
= S 8 5 
a) wD id 
uy wt wa 80 
2 60 = 
= w > 
3 = 4 s 
3 a 
a ‘lee TT § 
Th = 25°C 
0 —— 20 
100k 1 10 «100 tk «= 10k 100k 1M Ot 1 10 100 tk 10k 100k 1M 
1 2 5 10 20 FREQUENCY (Hz) FREQUENCY (Hz) 
LOAD RESISTANCE (k2) 
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Slew Rate vs Compensation Capacitance 
10 


Large Signal Transient Response 


Large Signal Transient Response 


2V/D1VISION 


2V/DIVISION 


SLEW RATE (V/,sec} 


re 


0.1 
0 20 
Ay = +1, Cs = 100pF, 20usec/DIV 


Small Signal Transient Response 


20mV/DIVISION 
20mV/DIVISION 


Ay = +1, Cs = 100pF, Croan = 100pF, 5ysec/DIV 


APPLICATIONS INFORMATION 


Achieving Picoampere/Microvolt Performance 


In order to realize the picoampere — microvolt level 
accuracy of the LT1008, proper care must be exer- 
cised. For example, leakage currents in circuitry exter- 
nal to the op amp can significantly degrade 
performance. High quality insulation should be used 
(e.g. Teflon, Kel-F); cleaning of all insulating surfaces 
to remove fluxes and other residues will probably be 
required. Surface coating may be necessary to pro- 
vide a moisture barrier in high humidity environments. 


Board leakage can be minimized by encircling the in- 
put circuitry with a guard ring operated at a potential 
close to that of the inputs: in inverting configurations 
the guard ring should be tied to ground, in non-invert- 


COMPENSATION CAPACITOR (pF) 


Small Signal Transient Response 


Ay = +1, Cs = 100pF, CLoan = 600pF, 5usec/DIV 


: | 
40 60 80 100 
Ay = +1, C; = 30pF, 20usec/DIV 


Small Signal Transient Response 


20mV/DIVISION 


Ay = +1, C; = 30pF, Croan = 100pF, 5,.sec/DIV 


ing connections to the inverting input at pin 2. Guard- 
ing both sides of the printed circuit board is required. 
Bulk leakage reduction depends on the guard ring 
width. Nanoampere level leakage into the compensa- 
tion terminals can affect offset voltage and drift with 
temperature. 


COMPENSATION 
ve e 

OUTPUT — me 4 
6 9 


oe: 
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APPLICATIONS INFORMATION 


Microvolt level error voltages can also be generated in 
the external circuitry. Thermocouple effects caused by 
temperature gradients across dissimilar metals at the 
contacts to the input terminals can exceed the inher- 
ent drift of the amplifier. Air currents over device leads 
should be minimized, package leads should be short, 
and the two input leads should be as close together as 
possible and maintained at the same temperature. 


The LT1008 is specified over a wide range of power- 
supply voltages from +2V to + 18V. Operation with 
lower supplies is possible down to + 1 .OV (two Ni-Cad- 
batteries). 


Test Circuit for Offset Voltage and its Drift with Temperature 


Noise Testing 


The 0.1Hz to 10Hz peak-to-peak noise of the LT 1008 is 
measured in the test circuit shown. The frequency re- 
sponse of this noise tester indicates that the 0.1Hz 
corner is defined by only one zero. The test time to 
measure 0.1Hz to 10Hz noise should not exceed 10 
seconds, as this time limit acts as an additional zero to 
eliminate noise contributions from the frequency band 
below 0.1Hz. 


0.1Hz to 10Hz Noise Test Circuit 


O.1pF 


VOLTAGE GAIN 
=50,000 


* 171008 DEVICE UNDER TEST 


NOTE: ALL CAPACITOR VALUES ARE FOR 
NON—POLARIZED CAPACITORS ONLY. = 


xt 
Riy= 160 1002 
110k 


Vo 


* RESISTORS MUST HAVE LOW 
THERMOELECTRIC POTENTIAL 


** THIS CIRCUIT IS ALSO USED AS THE BURN-IN 
CONFIGURATION FOR THE LT1008, WITH SUPPLY 
VOLTAGES INCREASED TO + 20V, R1 =R3=20k 
R2=2002, Ay=100. 


A noise-voltage density test is recommended when 
measuring noise on a large number of units. A 10Hz 
noise-voltage density measurement will correlate well 
with a 0.1Hz to 10Hz peak-to-peak noise reading since 
both results are determined by the white noise and the 
location of the 1/f corner frequency. 

Current noise is measured in the circuit shown and 
calculated by the following formula where the noise of 
the source resistors is subtracted. 


es [eno rai (820nV)"]" 
r 40MQ x 100 


10k 


SCOPE 


* METAL 
FILM 


Faas, 
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APPLICATIONS INFORMATION 


Frequency Compensation 


The LT 1008 is externally frequency compensated with 
a single capacitor. The two standard compensation 
Circuits shown on page 3 are identical to the LM108A/ 
308A frequency compensation schemes. Therefore, 
the LT 1008 operational amplifiers can be inserted di- 
rectly into LM108A/308A sockets, with similar AC 
and upgraded DC performance. 


External frequency compensation provides the user 
with additional flexibility in shaping the frequency re- 
sponse of the amplifier. For example, for a voltage gain 
of ten, and C; = 3pF, a gain bandwidth product of 
5MHz and slew rate of 1.2V/ usec can be realized. For 
closed loop gains in excess of 200, no external com- 
pensation is necessary, and slew rate increases to 
4V/ysec. The LT1008 can also be overcompensated 
(i.e. Cy > 30pF or Cs > 100pF) to improve capacitive 
load handling capability or to narrow noise band- 


Inverter Feedforward Compensation 


INPUT 


C1 
500 pF 


Follower Feedforward Compensation 
30pF 


* SOURCE RESISTANCE < 15k FOR STABILITY 


width. In many applications, the feedback loop around 
the amplifier has gain (e.g. logarithmic amplifiers); 
overcompensation can stabilize these circuits with a 
Single capacitor. 


The availability of the compensation terminals permits 
the use of feedforward frequency compensation to en- 
hance slew rate in low closed loop gain configurations. 
The inverter slew rate is increased to 1.4V/ysec. The 
voltage follower feedforward scheme bypasses the 
amplifier’s gain stages and slews at nearly 10V/ sec. 


The inputs of the LT1008 are protected with back-to- 
back diodes. Current limiting resistors are not used, 
because the leakage of these resistors would prevent 
the realization of picoampere level bias currents at ele- 
vated temperatures. In the voltage follower configura- 
tion, when the input is driven by a fast, large signal 
pulse (> 1V), the input protection diodes effectively 
short the output to the input during slewing, and a cur- 
rent, limited only by the output short circuit protection 
will flow through the diodes. 


The use of a feedback resistor, as shown in the voltage 
follower, feedforward diagram, is recommended be- 
cause this resistor keeps the current below the short 
Circuit limit, resulting in faster recovery and settling of 
the output. 


2V/DIVISION 


5V/DIVISION 


5usec/DIVISION 
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APPLICATIONS 


Logarithmic Amplifier 
QiA 1B 


424k* §.1k 


INPUT 


Low bias current and offset voltage of the LT1008 allow 4% decades 
30pF of voltage input logging. 


TEL. LABS, TYPE 081 


1% FILM RESISTOR 
2N2979 


Saturated Standard Cell Amplifier 
+18V 


£ 
* 
ai 


Raf 


Amplifier for Bridge Transducers 


RS 
56M 


OUTPUT 


4.018235V 


SATURATED 
STANDARD 


CELL 
$2 #101 
400k EPPLEY LABS R41 
NEWPORT, RI. 


VOLTAGE GAIN 
= 100 


5 The typical 30pA bias current of the LT1008 will degrade the standard 
cell by only 1 ppm/year. Noise is a fraction of a ppm. Unprotected’ 
gate MOSFET isolates standard cell on power down. 


A A a - 
5M Five Decade Kelvin-Varley Divider Buffered by the LT1008 
1% 
1 
10V 2 7 
400k 6 
KELVIN-VARLEY OUTPUT 
DIVIDER 3 4 
bh ES! #0P311 8 
OUTPUT 00000 — ‘ — 15V 
99999 + 1 
Vout = 1OV/ uA : 1000pF 


Approximate error due to noise, bias current, common-mode rejection, 
voltage gain of the amplifier is 1/5 of a least significant bit. 
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Extended Range Charge Pump Voltage to Frequency Converter 


+ 15V 
50k OPTIONAL +15V 
ci pony -OtH2 TRIM 
1.8k 
1000pF (POLYSTYRENE) 
1uF F 
VOLTAGE 
INPUT 
0-10V-—ad 
10k* 63.4k* 3 
6 1k 
100k 10k* 
Mud 
+15V 
10k 40k 10k 
LT1004¢ 
tL 42 -tv Lt +145Vv 

ALL DIODES Sey 

1N4148 0.01Hz to 10kH 
+ 1% METAL FILM RESISTOR Spr FREQUENCY : 


OUTPUT 


The LT 1008 integrator extends low frequency range. Total 
dynamic range is 0.01Hz to 10kHz (or 120dB) with 0.01% linearity. 


Precision, Fast Settling, Low Pass Filter 


10k 


OUTPUT 


This circuit is useful where fast signal acquisition and 
high precision are required, as in electronic scales. 


The filter’s time constant is set by the 2KQ resistor 
and the 1pF capacitor until comparator #1 switches. 
The time constant is then set by the 1.5MQ resistor 
and the iF capacitor. Comparator #2 provides a 
quick reset. 


FILTER CUT 
(tN ADJUST 


* OPTO-MOS SWITCH 
TYPE OFM1A 
THETA-J CORP. 


The circuit settles to a final value three times as fast as 
a simple 1.5MQ — 1pF filter, with almost no DC error. 
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2 TO 8pF Fast Precision Inverters 


INPUT 40k* 


1N4148 


OUTPUT 


1N4148 (4) 


= *4% METAL FILM 
FULL POWER BANDWIDTH = 2MHz 
SLEW RATE = 50V/ysec 
SETTLING (10V STEP) = 12S TO 0.01% 
BIAS CURRENT DC = 30pA 
FFSET ORIFT = 0.3.V/°C 
OFFSET VOLTAGE = 30uV 
SLEW RATE @ 100V/,S 
SETTLING = 5uS TO .01%/ 10 VOLT STEP 
OFFSET VOLTAGE = 30.V 
30pF BIAS CURRENT = 30pA 
*1% METAL FILM 
Ammeter With Six Decade Range 10k 


+15V 


rat LT 1004C — 1.2 
CURRENT INPUT 


Q1, 02, 03, 04, RCA CA3146 TRANSISTOR ARRAY. 
CALIBRATION: ADJUST R1 FOR FULL SCALE 
DEFLECTION WITH 1A INPUT CURRENT. 

0.014 


Ammeter measures currents from 100pA to 100uA 
without the use of expensive high value resistors. Ac- 
curacy at 100,A is limited by the offset voltage be- 
tween Q1 and Q2 and, at 100pA, by the inverting bias 
current of the LT 1008. 


clack 


A Wee 9-83 


LT 1008 


SCHEMATIC DIAGRAM 


[ & | comPensarion 


ri Pe 
\ ype o 


PACKAGE DESCRIPTION 


H Package J8 Package N8 Package 
Metal Can 8 Lead Hermetic Dip 8 Lead Plastic 


| aera 


j : 
‘ q 
0126 Oca 115 i k 
0.100 esc dL ~ Maret { fae 
ne oon? fed 


oor 0. 


(NOTE: DIMENSIONS IN NCHES UNLESS OTHERWASE NOTED. 
“LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


NOTE: DIMENSIONS (N INCHES UNLESS OTHERWISE NOTED. 
“LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE. 


INCHES. 
Tmax Se Gi Tymax G, Tmax 8, 
150°C | 150°C/W } 45°C/W 150°C | 100°C/W 100°C | 130°C/W 
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FEATURES 


w 20MHz Bandwidth 

m 75Vins Slew Rate 

aw Drives + 10V into 750 

a 5mA Quiescent Current 

= Drives Capacitive Loads > 1pF 

w Current and Thermal Limit 

w Operates from Single Supply >4.5V 
w Very Low Distortion Operation 


APPLICATIONS 


= Boost Op Amp Output 

wu Isolate Capacitive Loads 
au Drive Long Cables 

a Audio Amplifiers 

w Video Amplitiers 

ws Power Small Motors 

w= Operational Power Supply 
w FET Driver 


Very Low Distortion Buffered Pre-Amplifier 


EF Z 
+ 
| LT1056CN8, 
r- 
| 
NOTE 1: ALL R’s 1% METAL FILM. 


NOTE 2: SUPPLIES WELL BYPASSED AND LOW Zo. 


LT1010 
Fast + 150mA Power Buffer 
DESCRIPTION 


The LT1010 is a fast, unity-gain buffer that can increase 
the output capability of existing IC op amps by more than 
an order of magnitude. This easy-to-use part makes fast 
amplifiers less sensitive to capacitive loading, reduces 
thermal feedback in precision de amplifiers and is recom- 
mended for a wide range of fast and slow applications. 


Designed to be incorporated within the feedback loop, the 
buffer can isolate almost any reactive load. Internal 
operating currents are essentially unaffected by supply or 
output voltage, accounting for the 4.5V to 40V supply volt: 
age range with unchanged specifications. Single-supply 
operation is also practical. 


This monolithic IC is supplied in an 8-pin miniDIP and three 
standard power packages: the solid kovar base TO-5 
(T0-39), the steel TO-3 and the plastic TO-220. The low ther- 
mal resistance power packages are an aid in reducing 
operating junction temperatures. With the TO-3, TO-220, 
and miniDIP packages, an option is available to raise 
quiescent current and improve speed. The miniDIP version 
is supplied for those applications not requiring high power 
dissipation or where board space is a premium. 


In the TO-39 package, the LT1010 can sometimes replace 
the hybrid LH0002. With the exception of speed it exceeds 
key specifications and fault protection is vastly superior. 
Further, the lower thermal resistance package and higher 
maximum operating temperature of the new monolithic 
circuit allow more usable output. 


Vout=10Vp-p 
=4000 


HARMONIC DISTORTION (%) 
2 
ie 
— 


10 100 19000 = 100000 


1000 
FREQUENCY 


AY We 
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ABSOLUTE MAXIMUM RATINGS 


Total Supply Voltage ............cccccceeeceeeee eee £22V Input Current (Note2)........ eee eee +40mA 

Continuous Output Current .............00.0008 +150mA — Operating Junction Temperature 

Continuous Power Dissipation (Note 1) LTIOIOM sii crdnadecnaedaces verashnes - 55°C to 150°C 
LTIQIOMK ccs c-eventenseehounpegess dtrcncaweveltaus 5.0W LTA0IOG, iss Gotenaueia aise watcaeacoee 0°C to 125°C 
LTAQIOGR: covcehcivedtnsehansanducaten ta terran 4.0W Storage Temperature.............0..000, ~ 65°C to 150°C 
EIQI0G Tatecsandeshy aha onreelzssehcuxeeeteul AQW Lead Temperature (Soldering, 10sec.) .............. 300°C 
LIIOTOMHsy cia dan 'ovacaweccnandedcotnatiee: 3.1W 
LVTOIOGH Saierehweieagte Srighi saves oo ettacts 2.5W 
LTIOVOONG oo. ec eecececeeeeeeresaeaeuseeny 0.75W 

PRECONDITIONING 


100% Thermal Limit Burn in 


PACKAGE/ORDER INFORMATION 
gk VIEW ORDER PART 
INPUT NUMBER 
er 25: ve LT1010MK LT1010CT 
LT1010CK is 
OUTPUT BIAS 


4 LEAD’ 10. 3 METAL CAN 
(STEEL) 


BOTTOM VIEW 


vt LT1010MH TOP VIEW LT1010C0N8 
LT1010CH 
OUTPUT 


V- (CASE) F 
N PACKAGE 


H PACKAGE 
4-LEAD T0-39 METAL CAN 8-LEAD PLASTIC DIP 
(KOVAR BASE) 
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=<yal 
SYMBOL PARAMETER CONDITIONS (NOTE 3) 
Vos Output Offset Voltage a oa Note 3 
Vs = + 15V, Vin =0 
lg Input Bias Current lout = 0 0 
logrs 150mA 0 
0 0 800 A 
Ay Large Signal Voltage Gain 0.995 1.00 0.995 1.00 VN 
Rout Output Resistance lor = + mA 6 9 5 10 Ht] 
Jour = + 150MA 6 9 5 10 Q 
12 12 i] 
Slew Rate Vg = + 15V, Vin= + 10V 
1 Vour= 2 8V, Ri = 1008 75 75 Vigs 
Vsos* Positive Saturation Offset Note 4, loyr=0 1.0 10 v 
1.1 11 v 
Vsos~ Negative Saturation Offset | Note 4, loyr=0 0.2 V 
0.3 Vv 
Rear Saturation Resistance Note 4, Iqyr= + 150mA 22 HH] 
28 a 
Veias Bias Terminal Voltage Note 5, Rejas = 200 mV 
mV 
Supply Current \out=9, !eias = 0 


Note 1: For case temperatures above 25°C, dissipation must be derated Note 4: The output saturation characteristics are measured with 100mV 
based on a thermal resistance of 25°C/W with the K and T packages, output clipping. See applications information for determining available 
40°C/W with the H package, and 130°C/W for N8 package for ambient output swing and input drive requirements for a given load. 

temperatures above 25°C, See applications information. Note 5: With the TO-3 and T0-220 packages, output stage quiescent cur- 
Note 2: In current limit or thermal limit, input current increases sharply rent can be increased by connecting a resistor between the bias pin and V*. 
with input-output differentials greater than 8V; so input current must be The increase is equal to the bias terminal voltage divided by this 

limited, Input current also rises rapidly for input voltages 8V above Vt or resistance. 

0.5V below V™. 


Note 3: Specifications apply for 45V<V5<40V, V~ +0.5V<VivsV +_15V 
and {oyy = 0, unless otherwise stated, Temperature range is 

~ 55°C <7)< 150°C, Tops125°C, for the LT1010M and 0°C<T)< 125°C, 

Tp < 100°C, for the LT1010€. The @ denotes the specifications that apply 
over the full temperature range. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Bandwidth Phase Lag 
50 
is g @ 
2 : : 
= 
3 = a 
& § . 
o 
: i : 
10 20 30 40 5 1 
QUIESCENT CURRENT (mA) FREQUENCY (MHz) 
Small-Step Response Capacitive Loading 
150 
100 
zs s g 
aw = = 
So = s 
E : 5 
3 -50 5 = 
—100 
—150 
0 20 30 
TIME (ns) 
Slew Response 


Vg + 15V 
O=Vinz= —10V 


OUTPUT VOLTAGE (V) 
oc 
SLEW RATE (V/us) 
SUPPLY CURRENT (mA) 


{ 
— 


~50 0 SO 100 «6150 «200 250 0 40 0 


10 20 30 
TIME (ns) QUIESCENT CURRENT (mA) 


2 3 
FREQUENCY (MHz) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Output Offset Voltage input Bias Current Input Bias Current 


BIAS CURRENT (nA) 
BIAS CURRENT (yA) 


OFFSET VOLTAGE {mV} 


) 0 0 
—50 0 50 100 150 -50 0 50 100 150 ~150 —- - 0 50 100 = 150 
TEMPERATURE (°C) TEMPERATURE (°C) OUTPUT CURRENT (mA) 
Voltage Gain Output Noise Voltage 
200 
eel TTT 
€ a 
ww 
on la 
5 S$ 
a uw 
5 3 
o = 50 
Seri 


cee 
seagecce 


jsaeerees 


~50 0 50 100 150 —50 0 50 100 150 
TEMPERATURE (°C) TEMPERATURE (°C) 


SATURATION VOLTAGE (V} 
SATURATION VOLTAGE (V) 
n 
SUPPLY CURRENT (mA) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Bias Terminal Voltage Total Harmonic Distortion Total Harmonic Distortion 


0.4 
Mowe | THT TTT 
vena eS 

1 

a se? 

| Ty 


mi 
BANA 
soe a 
ni AA 


0 
50 100 0.1 1 1 
TEMPERATURE (°C) output VOLTAGE io) FREQUENCY (kHz) 


S 
& 
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APPLICATIONS INFORMATION 


General 


These notes briefly describe the LT1010 and how it is used; 
a detailed explanation is given elsewhere*. Emphasis here 
will be on practical suggestions that have resulted from 
working extensively with the part over a wide range of 
conditions. A number of applications are also outlined 
that demonstrate the usefulness of the buffer beyond that 
of driving a heavy load. 


Design Concept 


The schematic below describes the basic elements of the 
buffer design. The op amp drives the output sink 
transistor, Q3, such that the collector current of the output 
follower, Q2, never drops below the quiescent value 
(determined by |; and the area ratio of D1 and D2). As a re- 
sult, the high frequency response is essentially that of a 
simple follower even when Q3 is supplying the load cur- 
rent. The internal feedback loop is isolated from the ef- 
fects of capacitive loading by a small resistor in the output 
lead. 


The scheme is not perfect in that the rate of rise of sink 
current is noticeably less than for source current. This can 
be mitigated by connecting a resistor between the bias 
terminal and V*, raising quiescent current. A feature of 
the final design is that the output resistance is largely 
independent of the follower quiescent current or the out- 
put load current. The output will also swing to the nega- 
tive rail, which is particularly useful with single-supply 
operation. 


*R. J. Widlar, “Unique IC Buffer Enhances Op Amp Designs; Tames Fast 
Amplifiers,” Linear Technology Corp. TP-1, April, 1984. 


Equivalent Circuit 


Below 1MHz, the LT1010 is quite accurately represented 
by the equivalent circuit shown here for both small and 
large signal operation. The internal element, A1, is an ide- 
alized buffer with the unloaded gain specified for the 
LT1010. Otherwise, it has zero offset voltage, bias current 
and output resistance. Its output also saturates to the in- 
ternal supply terminalst. 


Vt 


INPUT OUTPUT 


R’ RY =Reat Rout 
T Vsos 
v~ 


Loaded voltage gain can be determined from the unloaded 
gain, Ay, the output resistance, Rout, and the load re- 
sistance, Rr, using: 

Ay RL 


AML= Rout + Ri 


Maximum positive output swing is given by: 


+ —Vgogt)R 
Vourt = ¥s0s") RL 
Me: Rsat + RL 


The input swing required for this output is: 


Vint = Vout? ( fon) - Vos + AVos, 


where AVgg is the 100mV clipping specified for the satura- 
tion measurements. Negative output swing and input drive 
requirements are similarly determined. 


+ See electrical characteristics section for guaranteed limits. 
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APPLICATIONS INFORMATION 
Supply Bypass 


The buffer is no more sensitive to supply bypassing than 
slower op amps, as far as stability is concerned. The 0.1,F 
disc ceramic capacitors usually recommended for op 
amps are certainly adequate for low frequency work. As al- 
ways, keeping the capacitor leads short and using a 
ground plane is prudent, especially when operating at 
high frequencies. 


The buffer slew rate can be reduced by inadequate supply 
bypass. With output current changes much above 100mA/ 
BS, USiNg 10yF solid tantalum capacitors on both supplies 
is good practice, although bypassing from the positive to 
the negative supply may suffice. 


When used in conjunction with an op amp and heavily 
loaded (resistive or capacitive), the buffer can couple into 
supply leads common to the op amp causing stability 
problems with the overall loop and extended settling time. 
Adequate bypassing can usually be provided by 10yF solid 
tantalum capacitors. Alternately, smaller capacitors could 
be used with decoupling resistors. Sometimes the op amp 
has much better high frequency rejection on one supply, 
So bypass requirements are less on this supply. 


Power Dissipation 


in many applications, the LT1010 will require heat sinking. 
Thermal resistance, junction to still air is 150°C/W for the 
TO-39 package, 100°C/W for the TO-220 package, 60°C/W 
for the TO-3 package, and 130°C/W for the miniDIP pack- 
age. Circulating air, a heat sink, or mounting the package 
toa printed circuit board will reduce thermal resistance. 


In de circuits, buffer dissipation is easily computed. In ac 
circuits, signal waveshape and the nature of the load 
determine dissipation. Peak dissipation can be several 


times average with reactive loads. {t is particularly im- 
portant to determine dissipation when driving large load 
capacitance. 


With ac loading, power is divided between the two output 
transistors. This reduces the effective thermal resistance, 
junction to case, to 30°C/W for the T0-39 package and 
15°C/W for the TO-3 and TO-220 packages, as long as the 
peak rating of neither output transistor is exceeded. The 
typical curves indicate the peak dissipation capabilities of 
one output transistor. 


Overload Protection 


The LT1010 has both instantaneous current limit and ther- 
mal overload protection. Foldback current limiting has not 
been used, enabling the buffer to drive complex loads 
without limiting. Because of this, it is capable of power 
dissipation in excess of its continuous ratings. 


Normally, thermal overload protection will limit dissipa- 
tion and prevent damage. However, with more than 30V 
across the conducting output transistor, thermal limiting 
is not quick enough to insure protection in current limit. 
The thermal protection is effective with 40V across the 
conducting output transistor as long as the load current is 
otherwise limited to 150mA. 


Drive Impedance 


When driving capacitive loads, the LT1010 likes to be driven 
from a low source impedance at high frequencies. Certain 
low power op amps (e.g., the LM10) are marginal in this re- 
spect. Some care may be required to avoid oscillations, 
especially at low temperatures, 


Bypassing the buffer input with more than 200pF will solve 
the problem. Raising the operating current also works, but 
this cannot be done with the TO-39 package. 
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APPLICATIONS INFORMATION 


Parallel Operation 


Vin 


iat 


v- 


Parallel operation provides reduced output impedance, 
more drive capability and increased frequency response 
under load. Any number of buffers can be directly paral- 
leled as long as the increased dissipation in individual 
units caused by mismatches of output resistance and off- 
set voltage is taken into account. 


When the inputs and outputs of two buffers are connected 
together, a current, Alour, flows between the outputs: 


Vosi ~ Vose 


Alour=s——+—— 
OUT Rout + Route 

where Vog and Rour are the offset voltage and output re- 

sistance of the respective buffers. 


Normally, the negative supply current of one unit will in- 
crease and the other decrease, with the positive supply 
current staying the same. The worst case (Vij-V*) 
increase in standby dissipation can be assumed to be 
Alour V1, where Vz is the total supply voltage. 


Offset voltage is specified worst case over a range of sup- 
ply voltages, input voltage and temperature. It would be 
unrealistic to use these worst case numbers above be- 
cause paralleled units are operating under identical condi- 
tions. The offset voltage specified for Vg= + 15V, Vin=0 
and Ta = 25°C will suffice for a worst case condition. 


Output load current will be divided based on the output 
resistance of the individual buffers. Therefore, the avail- 
able output current will not quite be doubled unless output 
resistances are matched. As for offset voltage, the 25°C 
limits should be used for worst case calculations. 


Parallel operation is not thermally unstable. Should one 
unit get hotter than its mates, its share of the output and 
its standby dissipation will decrease. 


As apractical matter, parallel connection needs only some 
increased attention to heat sinking. In some applications, 
a few ohms equatization resistance in each output may be 
wise. Only the most demanding applications should re- 
quire matching, and then just of output resistance at 
25°C. 


Isolating Capacitive Loads 


Rt 
Rs 20k 


The inverting amplifier above shows the recommended 
method of isolating capacitve loads. Non-inverting ampli- 
fiers are handled similarly. 


At lower frequencies, the buffer is within the feedback 
loop so that its offset voltage and gain errors are negligi- 
ble. At higher frequencies, feedback is through Cr, so that 
phase shift from the load capacitance acting against the 
buffer output resistance does not cause loop instability. 


Stability depends upon the RyCr time constant, or the 
closed loop bandwidth. With an 80kHz bandwidth, ringing 
is negligible for C.=0.068,F and damps rapidly for 
C= 0.33yF. The pulse response is shown in the graph. 
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Pulse Response 


OUTPUT VOLTAGE (V) 


0 50 100 150 200 
TIME (us) 


Small signal bandwidth is reduced by Cj, but considerable 
isolation can be obtained without reducing it below the 
power bandwidth. Often, a bandwidth reduction is desir- 
able to filter high frequency noise or unwanted signals. 


Ry 
2k 


The follower configuration is unique in that capacitive 
load isolation is obtained without a reduction in small 
signal bandwidth, although the output impedance of the 
buffer comes into play at high frequencies. The precision 
unity-gain buffer above has a 10MHz bandwidth without 
capacitive loading, yet it is stable for all load capacitance 
to over 0.3yF, again determined by RrC;. 


This is a good example of how fast op amps can be made 
quite easy to use by employing an output buffer. 


Integrator 


A low pass amplifier can be formed just by using large Cy 
in the inverter described earlier, as long as the increasing 
closed loop output impedance above the cutoff frequency 
iS not a problem and the op amp is capable of supplying 
the required current at the summing junction. 


INPUT 


If the integrating capacitor must be driven from the buffer 
Output, the circuit above can be used to provide capacitive 
load isolation. As before, the stability with large capaci- 
tive loads is determined by RyCy. 


Wideband Amplifiers 


This simple circuit provides an adjustable gain video am- 
plifier which will drive 1Vp-p into 750. The differential pair 
provides gain, with the LT1010 serving as an output stage. 
Feedback is arranged in the conventional manner, al- 
though the 68pF -— 0.01 combination limits de gain to unity 
for all gain settings. For applications sensitive to NTSC re- 
quirements, dropping the 250 output stage bias value will 
aid performance. 


+15V TYPICAL SPECIFICATIONS, 
1Vp-p INTO 750 


YedB TO 10MHz 
3dB DOWN AT 16MHz 
AT A=10 
‘dB TO 4MHz 
—3dB = 8MHz 
22pF 


OUTPUT (752) 


PEAKING 
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R2 
800 


Vout 


This shows the buffer being used with a wideband ampli- 
fier that is not unity-gain stable. In this case, C1 cannot be 
used to isolate large capacitive loads. Instead, it has an 
optimum value for a limited range of load capacitances. 


The buffer can cause stability problems in circuits like 
this. With the TO-3 and T0-220 packages, behavior can be 
improved by raising the quiescent current with a 200 resis- 
tor from the bias terminal to V*. Alternately, devices in the 
T0-39 package or miniDIP can be operated in parallel. 


It is possible to improve capacitive load stability by 
operating the buffer class-A at high frequencies. This is 
done by using quiescent current boost and bypassing the 
bias terminal to V~ with more than 0.02uF. 


OUTPUT 


Putting the buffer outside the feedback loop as shown 
here will give capacitive load isolation, with large output 


capacitors only reducing bandwidth. Buffer offset, re- 
ferred to the op amp input, is divided by the gain. If the 
load resistance is known, gain error is determined by the 
output resistance tolerance. Distortion is low. 


The 500 video line splitter here puts feedback on one 
buffer, with the others slaved. Offset and gain accuracy of 
slaves depend on their matching with master. 


When driving long cables, including a resistor in series 
with the output should be considered. Although it reduces 
gain, it does isolate the feedback amplifier from the ef- 
fects of unterminated lines which present a resonant load. 


When working with wideband amplifiers,special attention 
should a/ways be paid to supply bypassing, stray capaci- 
tance and keeping leads short. Direct grounding of test 
probes, rather than the usual ground lead, is absolutely 
necessary for reasonable results. 


The LT1010 has slew limitations that are not obvious from 
standard specifications. Negative slew is subject to 
glitching, but this can be minimized with quiescent cur- 
rent boost. The appearance is always worse with fast rise 
signal generators than in practical applications. 


LY Ue 
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APPLICATIONS INFORMATION 
Track and Hold 


The 5MHz track and hold shown here has a 400kHz power 
bandwidth driving + 10V. A buffered input follower drives 
the hold capacitor, C4, through Q1, a low resistance FET 
switch. The positive hold command is supplied by TTL 
logic, with Q3 level shifting to the switch driver, Q2. The 
output is buffered by A3. 


When the gate is driven to V- for HOLD, it pulls charge 
out of the hold capacitor. A compensating charge is put 
into the hold capacitor through C3. The step into hold is 
made independent of the input level with R7 and adjusted 
to zero with R10. 


(NPUT 


Since internal dissipation can be quite high when driving 
fast signals into a capacitive load, using a buffer in a 
power package is recommended. Raising buffer quiescent 
current to 40mA with R3 improves frequency response. 


This circuit is equally useful as a fast acquisition sample 
and hold. An LF156 might be used for A3 to reduce drift in 
hold because its lower slew rate is not usually a problem 
in this application. 


OUTPUT 


*2N2369 EMITTER BASE JUNCTION 


2-96 


LI HEB 


LT1010 


APPLICATIONS INFORMATION 


Current Sources 


A standard op amp voltage to current converter with a 
buffer to increase output current is shown here. As usual, 
excellent matching of the feedback resistors is required to 
get high output resistance. Output is bi-directional. 


RI R2 Rei 
tour= 


Vo—V35) 
RiR4 


This circuit uses an instrumentation amplifier to eliminate 
the matched resistors. The input is not high impedance 
and must be driven from a low impedance source like an 
op amp. Reversal of output sense can be obtained by 
grounding pin 7 of the LM163 and driving pin 5. 


Output resistances of several megohms can be obtained 
with both circuits. This is impressive considering the 


+150mA output capability. High frequency output char- 
acteristics will depend on the bandwidth and slew rate of 
the amplifiers. Both these circuits have an equivalent out- 
put capacitance of about 30nF. 


Voltage/Current Regulator 


This circuit regulates the output voltage at Vy until the 
load current reaches a value programmed by Vj. For heav- 
ier loads, it is a precision current regulator. 


Al 
LT118A 


With output currents below the current limit, the current 
regulator is disconnected from the loop by D1, with D2 
keeping its output out of saturation. This output clamp en- 
ables the current regulator to get control of the output cur- 
rent from the buffer current limit within a microsecond for 
an instantaneous short. 


In the voltage regulation mode, A1 and A2 act as a fast 
voltage follower using the capacitive load isolation tech- 
nique described earlier. Load transient recovery as well as 
capacitive load stability are determined by C1. Recovery 
from short circuit is clean. 


Bi-directional current limit can be obtained by adding an- 
other op amp connected as a complement to A3. 


LY We 
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Supply Splitter 


Dual supply op amps and comparators can be operated 
from a single supply by creating an artificial ground at half 
the supply voltage. The supply splitter shown here can 
source or sink 150mA. 


The output capacitor, C2, can be made as large as neces- 
sary to absorb current transients. An input capacitor is 


HEAT SINK OUTPUT TRANSISTORS 


also used on the buffer to avoid high frequency instability 
that can be caused by high source impedance. 


High Current Booster 


The circuit below uses a discrete stage to get 3A output 
capacity. The configuration shown provides a clean, quick 
way {o increase LT1010 output power. It is useful for high 
current loads, such as linear actuator coils in disk drives. 


The 330 resistors sense the LT1010's supply current, with 
the grounded 1000 resistor supplying a load for the 
LT1010. The voltage drop across the 330 resistors biases 
Q1 and Q2. Another 1000 value closes a local feedback 
loop, stabilizing the output stage. Feedback to the LT1056 
control amplifier is via the 10k value. Q3 and Q4, sensing 
across the 0.180 units, furnish current limiting at about 
3.3A. 


15pF 
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Wideband FET Input Stabilized Buffer 


The figure below shows a highly stable unity gain buffer 
with good speed and high input impedance. Q1 and Q2 
constitute a simple, high speed FET input buffer. Q1 func- 
tions as a source follower, with the Q2 current source load 
setting the drain-source channel current. The LT1010 
buffer provides output drive capability for cables or what: 
ever load is required. Normally, this open loop configura- 
tion would be quite drifty because there is no dc feedback. 
The LTC1050 contributes this function to stabilize the cir- 
cuit. It does this by comparing the filtered circuit output to 
a similarly filtered version of the input signal. The ampli- 
fied difference between these signals is used to set Q2’s 
bias, and hence Q1’s channel current. This forces Q1’s 
Vgg to whatever voltage is required to match the circuit’s 
input and output potentials. The 2000pF capacitor at Al 
provides stable loop compensation. The RC network in 
A1’s output prevents it from seeing high speed edges cou- 
pled through Q2’s collector-base junction. A2’s output is 
also fed back to the shield around Q1’s gate lead, boot- 
strapping the circuit's effective input capacitance down to 
less than 1pF. 


INPUT 


LT We 


Gain Trimmable Wideband FET Amplifier 


A potential difficulty with the previous circuit is that the 
gain is not quite unity. The figure labelled (A) on the next 
page maintains high speed and low bias while achieving a 
true unity gain transfer function. 


This circuit is somewhat similar, except that the Q2-Q3 
stage takes gain. A2 dc stabilizes the input-output path, 
and A1 provides drive capability. Feedback is to Q2’s emit: 
ter from At’s output. The 1k adjustment allows the gain to 
be precisely set to unity. With the LT1010 output stage 
slew and full power bandwidth (1Vp-p) are 100Viys and 
10MHz, respectively. - 3dB bandwidth exceeds 35M Hz. At 
A=10(e.g., 1k adjustment set at 500) full power bandwidth 
stays at 10MHz while the - 3B point falls to 22MHz. 


With the optional discrete stage, slew exceeds 1000Viys 
and full power bandwidth (1Vp-p) is 18MHz. ~3dB band- 
width is 58MHz. At A= 10, full power is available to 10MHz, 
with the - 3dB point at 36MHz. 
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Figures A and B show response with both output stages. faster. Either stage provides more than adequate perfor- 
The LT1010 is used in Figure A (Trace A=input, Trace — mance for driving video cable or data converters, and the 
B= output). Figure B uses the discrete stage and is slightly  LT1012maintains dc stability under all conditions. 


INPUT 


(A) (B) 
Gain Trimmable Wideband FET Amplifier 


A=0.2V/DIV A=0.2V/01V 
B=0.2V/DIV 


8=0.2V/DIV 


HORIZONTAL = 16ns/DIV HORIZONTAL = 10ns/DIV 


Figure B. Waveforms Using Discrete Stage 


LT We 


Figure A. Waveforms Using LT1010 
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DEFINITION OF TERMS 


Output Offset Voltage: The output voltage measured with 
reference to the input. 


Input Bias Current: The current out of the input terminal. 


Large Signal Voltage Gain: The ratio of the output voltage 
change to the input voltage change over the specified in- 
put voltage range.* 


Output Resistance: The ratio of the change in output volt- 
age to the change in load current producing it.” 


Output Saturation Voltage: The voltage between the out: 
put and the supply rail at the limit of the output swing to- 
ward that rail. 


Saturation Offset Voltage: The output saturation voltage 
with no load. 


Saturation Resistance: The ratio of the change in output 
saturation voltage to the change in current producing it, 
going from no load to full load.” 


Slew Rate: The average time rate of change of output volt- 
age over the specified output range with an input step be- 
tween the specified limits. 


Bias Terminal Voltage: The voltage between the bias 
terminal and V+. 


Supply Current: The current at either supply terminal with 
no output loading. 


*Pulse measurements (~ 1ms) as required to minimize thermal effects. 


SCHEMATIC DIAGRAM (excluding protection circuits) 
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PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


H Package 
4-Lead T0-39 Metal Can 
(Kovar Base) 


0,350—0.370 

(8.890 —9.398) 
DIA 

0.165—0.185 pees 
(4191-470) OWA 


(1270) 
MIN 0.016—0.019 
¥ (0.406 — 0.483) 
DIA 3 LEADS 


0.029 0.045 
(0.737=1.14) 


0.028 we 
o7i— wae 


H3(39)188 


%e 
| urorom | ts0°¢ | ovo | 
[ur [sre [ara | 


K Package 
4-Lead TO-3 Metal Can 
(Steel) 


0,760-0.775 


(9 oe 


0.320-—0.350 
(8.128 — 8.890) 


0.116 
(2.946) 
MAX 


0.420—-0.480 —_0.038-0.043 
(10.67 12.19) (0.965—1.092) 
1.177 —1,197 
(29.90—30.40) 
0.220-0.235 


(5.588 — 5.969) 


0.152—0.162 

0.445 —0.485 {3.860 — 4.114) 

(11.30= 11.87) RTP 
0.167—0.177 


(4.241 — 4.495) 
RTYP 


K4188 


Ele | 
Prone [we | 2 


T Package 
5-Lead TO-220 Plastic 
0,390 0.410 
(9.906 - 10.41} 0.170—0,180. 
0.100 —-0.120_ 100 —0,.120 (4. (4.318 —4.572) 572) 
0.570—0,610 (0.147~0.151 147~0.151 (2.540 ~3. (2.540 —3.048) 0.045 — 0.055. 
(14.48 — 15.49) (3. (3.734—3,835) —3.835) y, (1.143 ~ 1.397) 143 ~ 1.397) 
0.460—-0.500 
11.68 — 12.70) 
ui 0.620 749 
0.880—0.910 ; (18.03) 
(22.35 — 23.11) 
0.970— 1.050 
0.355 -0.370 (24.64 — 26.67) 
(9.017 9.398) 
0.062—0.072 
(15747 1:82) 0.030 -0,040 0.013-0.025 
762 — 1.011 (0.330 0.635) 
(o-762—1.016) ( ) | 0.170—0.185 
(6.318 — 4.699) 
0.327 ~0.335, 
(8.306 — 8.509) T5188 


1arc 


2-102 


[nw |e | 


ecw 


LY Wine 


LT1010 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


N Package 
8-Lead Plastic DIP 


0.250 + 0.010 


(6.350-«0.254) 
0.300 -0.320 0,045 0.068 0.130:+.0.005, 
(7.620 —8.128) (1.143=1.651) BHO 


0. 
1.651 (0.508) 
ee aoe MIN 
0.009—0.015 | 0.125 
(0.229-0:381) (3.175) 
0.325 + 0.028 art ) 
=0.015 0.045 2.0.015 
295 + 0-885 (1.143£0.381) 
—0.381 0.100-£ 0.010 0.018 + 0.003 
(2.540 + 0.254) (0.457 0.076) 
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J LIN LTIOIZA/LTI012 
TECHNOLOGY Picoamp Input Current, 
Microvoit Offset, 

Low Noise Op Amp 


FEATURES 


n OP-07 Type Performance 
at 1/8th of OP-07’s Supply Current 
at 1/20th of OP-07’s Bias and Offset Currents 


= Guaranteed Offset Voltage 25uV Max combines picoampere bias currents (which are 
a Guaranteed Bias Current 100pA Max _— maintained over the full - 55°C to 125°C tempera- 
ws Guaranteed Drift 0.6xV/°C Max ture range), microvolt offset voltage (and low drift 
w Low Noise, 0.1Hz to 10Hz 0.5uVp-p with time and temperature), low voltage and current 
= Guaranteed Low Supply Current 500.A Max noise, and low power dissipation. The LT1012 
= Guaranteed CMRR 114dB Min achieves precision operation on two Ni-Cad batter- /2 | 
= Guaranteed PSRR 114dB Min ies with 1mW of power dissipation. Extremely high 


= Guaranteed Operation @ + 1.2V Supplies 


DESCRIPTION 


The LT1012 is an internally compensated universal 
precision operational amplifier which can be used in 
practically all precision applications. The LT1012 


common mode and power supply rejection ratios, 


practically unmeasurable warm-up drift, and the 
ability to deliver 5mA load current with a voltage 
gain of one million round out the LT1012’s superb 
precision specifications. 


APPLICATIONS 


= Replaces OP-07 While Saving Power 

w= Precision Instrumentation 

w Charge Integrators 

= Wide Dynamic Range Logarithmic Amplifiers 
aw Light Meters 

a Low Frequency Active Filters 

m Thermocouple Amplifiers 


The all around excellence of the LT1012 eliminates 
the necessity of the time consuming error analysis 
procedure of precision system design in many ap- 
plications; the LT1012 can be stocked as the univer- 
sal internally compensated precision op amp. 


Protected by U.S. patents 4,575,685 and 4,775,884 


+ 250V Common Mode Range Instrumentation Amplifier (Ay = 1) 


50k OPTIONAL 
CMRR 
TRIM 


R1-R6:VISHAY 444 ACCUTRACT THIN FILM 


Typical Distrubution of Input 
Offset Voltage 


1140 UNITS 
FROM THREE 


COMMON gin [7 
MODE Ld) 


INPUT 
+ 250V 


IP NETWO 
[x] -vistay 444 PIN NUMBERS 


NUMBER OF UNITS 


VISHAY iNTERTECHNOLOGY, INC. 
63 LINCOLN HIGHWAY 
MALVERN, PA 19355 


COMMON MODE REJECTION RATIO =74dB (RESISTOR LIMITED) 
WITH OPTIONAL TRIM = 130dB -40 —20 0 20 40 
OUTPUT OFFSET (TRIMMABLE TO ZERO) =500yV INPUT OFFSET VOLTAGE (nV) 
OUTPUT OFFSET DRIFT = 10,V/°C 
INPUT RESISTANCE = 1M 


LS WR 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage. .........cccecece eee eee eee ee +20V 
~ Differential Input Current (Note 1).......... +10mA 

Input Voltage. ...... eee eee e eee eee eens +20V 
Output Short Circuit Duration. ............ Indefinite 
Operating Temperature Range 

LT1012AM, LT1012M............ — 55°C to 125°C 

LT1012AC, LT1012C, 

LT1012D, LT101288............... 0°C to 70°C 

Storage Temperature Range 

All DeviceS..............ccceeae — 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)........ 300°C 


TOP VIEW 


SO PACKAGE 
8-LEAD PLASTIC SOIC 


1012 


PACKAGE/ORDER INFORMATION 


ORDER PART 
NUMBER 


TOP VIEW 


LT1012AMH 
LT1012MH 
LT1012ACH 
LT1012CH 
L11012DH 


(CASE) 
H PACKAGE 
8-LEAD TO-5 METAL CAN 


TOP VIEW 


LT1012ACN8 
LT1012CN8 
LT1012DN8 


N PACKAGE 
8-LEAD PLASTIC DIP 


ELECTRICAL CHARACTERISTICS Vg = + 15V, Von =OV, Ta = 25°C, unless otherwise noted. 


an ol 


LT1012AMIAC LT1012M L71012C 

ST epol! PARAMETER CONDITIONS MIN TYP MAX{| MIN TYP MAX| MIN TYP MAX; UNITS 
Vos _| Input Offset Voltage 8 | 8 85 10 50 | V 
(Note 2) 2 90 20.90 25 120 | WV 
~ Long Term Input Offset 03 03 03 iVimonth 

Voltage Stability _| { | 
log ___| Input Offset Current 15 100 | 15 100 20 150 pA 
| (Note 2) Le. 25 150 25 150 | 30 200 | pA 
\p Input Bias Current +25 +100 +25 +100 +30 +150 pA 
(Note 2) +35 «+150 +3 = +150 a +40) = +200 pA 
e Input Noise Voltage il 0.1Hz to 10Hz 0.5 0.5 0.5 pVp-p 
e, | Input Noise Voltage Density fy = 10Hz (Note 3) 17 30 | 7 30 7 30 nvvHz 
f, = 1000Hz (Note 4) 422 4 22 14 22,_—«|_—snWVHz 
in Input Noise Current Density f,= 10Hz 20 20 20 fAlVHz 
Avot Large Signal Voltage Gain Vout = 2 12V, RL =10k0 | 300 2000 300. = 2000 200 =. 2000 Vimv 
Vour= + 10V, Ry 22k 300 1000 rae 200 1000 L 200 1000 VimV 
CMRR_| Common Mode Rejection Ratio | Voy= + 13.5V 114 132 114 (132 110132 dB 
PSRR Power Supply Rejection Ratio {Vs=+12Vto+20V | 114 132 114-132 4 110 132 dB 
Input Voltage Range +135 +140 $13.5 +140 +135 +140 v 
Vour __ | Output Voltage Swing A= 10k0 213 #14 {213 214 [213 +14 v 
Slew Rate 0.1 0.2 0.1 0.2 0.1 0.2 Viusec 
ls Supply Current 370 ©5500 380 380 pA 
(Note 2) 380 600 380 600 380 600 A 
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a 


ELECTRICAL CHARACTERISTICS v= = 15v, Vow =0V, Ta=25°C, unless otherwise noted. 


(T1012D a LT101288 

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX ie MIN TYP MAX UNITS 
Vos Input Offset Voltage 12 60 15 120 wV 
(Note 2) 25 - 25 180 aN 
Long Term Input Offset 0.3 a | 0.4 gV/month 

Voltage Stability 
los Input Offset Current 20 150 50 280 pA 
(Note 2) 30 - 60 380 pA 
Ig Input Bias Current +30. +150 ‘| +80 +300 pA 
LL (Note 2) +40 - +120 +400 pA 
en Input Noise Voltage 0.1Hz to 10Hz 05 i: 05 wp-p 
e, Input Noise Voltage Density fy = 10Hz (Note 4) 17 30 17 30 nVvHz 
f= 1000Hz (Note 4) 14 22 14 22 nVvHz 
in Input Noise Current Density fy=10Hz 20 20 fAIvHz 
Avot ~| Large Signal Voltage Gain Vout = + 12V, RL>10k2 200 2000 200 2000 VimV 
Voyr= + 10V, Ry >2k0 200 4000 420 4000 VimV 
CMRR Common Mode Rejection Ratio Vom = + 13.5V 110 132 110 132 7 dB 
PSRR Power Supply Rejection Ratio Vg = + 1.2V to + 20V 110 132 [ 110 132 dB 
_|_ Input Voltage Range 4 +135 +140 413.5 +140 v 
Vout [2 Output Voltage Swing Ry = 10k +14 aE +13 +14 V 
Slew Rate 0.1 0.2 Vipsec 
Supply Current (Note 2) 380 600 pA 


LT1012AM LT1012M 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS 
Vos Input Offset Voltage 30 60 30 180 wV 
(Note 2} 40 180 aa 40 250 i uN 
Average Temperature Coefficient of 0.2 0.6 0.2 1.5 uViPC 
Input Offset Voltage 
ios Input Offset Current 3080 | 30250 pA 
(Note 2) 70 350 70 350 pA 
Average Temperature Coefficient of 0.3 2.5 0.3 25 pArec 
Input Offset Current 
lp Input Bias Current | +80 + 600 4 +80 = + 600 pA 
_| | (Note 2) +150 +800 +150 +800 pA 
Average Temperature Coefficient of 0.6 6.0 0.6 6.0 pAlec 
Input Bias Current 
Avot Large Signal Voltage Gain Voyt = # 12V, RL = 10k2 200 =: 1000 150 1000 VimV 
Voyr= + 10V, R= 2k0 200 600 | 100 600 VimV 
CMRR | Common Mode Rejection Ratio i Voy = + 13.5V 128 108 128 dB 
PSRR Power Supply Rejection Ratio Vg= + 1.5V to +20V 126 | 108 126 dB 
|_Input Voltage Range | +135 
Vout Output Voltage Swing Ry = 10k +14 +13 414 ] 
Is 1 Supply Current 400 650 | 400 800 | pA 
The @ denotes the specifications which apply over the full operating Note 2: These specifications apply for VywsVss + 20V and 
temperature range. —13.5V <Voys 13.5V (for Vg= + 15V). Vin= 21.2 at 25°C, + 1.3V from 
Note 1: Differential input voltages greater than 1V will cause excessive cur- 0°C to 70°C, + 1.5V from — 55°C to 126°C. 
rent to flow through the input protection diodes unless limiting resistance Note 3: 10Hz noise voltage density is sample tested on every lot. Devices 
is used. 100% tested at 10Hz are available on request. 


Note 4: This parameter is tested on a sample basis only. 
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ELECTRICAL CHARACTERISTICS vy = « 15V, Voy =0v,0°C<T,<70°C, unless otherwise noted. 


LT1012AC LT1012C 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS 
Vos Input Offset Voitage e 20 60 20 100 uV 
(Note 2) | 30 ‘160 30 200 aN 
Average Temperature Coefficient of an e 0.2 0.6 0.2 1.0 gVI°C 
Input Offset Voltage 
log Input Offset Current e 25 230 35 230 pA 
(Note 2) e 40 300 45 300 pA 
Average Temperature Coefficient of e 0.3 25 03 25 palec 
Input Offset Current 
lp Input Bias Current +35 = =+230 +35 = +230 pA 
(Note 2} +50 +300 +50 +300 pA 
Average Temperature Coefficient of 0.3 25 0.3 25 pAlec 
Input Bias Current 
Ayo. Large Signal Voltage Gain Voyr= + 12V, Ry > 10k0 200 =: 1500 150 
Vour= + 10V, Ri >= 2k0 200 1000 150 800 
CMRR | Common Mode Rejection Ratio Vow = #13.5V | @ | 110 130 108 130 
PSRR Power Supply Rejection Ratio Vg = +1.3V to +20V 110 128 108 128 dB 
Input Voltage Range +13.5 £135 V 
Vour Output Voltage Swing R, = 10k0 +13 +14 +13 +14 V 
Ig Supply Current 400 600 400 800 pA 
ELECTRICAL CHARACTERISTICS Vg = = 15V, Vo = OV, 0°C <T, <70°C, unless otherwise noted. 
LT1012D LT1012S8 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS 
Vos Input Offset Voltage e 25 140 30 200 aV 
(Note 2} e 40 - 45 270 wV 
Average Temperature Coefficient of e 0.3 17 0.3 1.8 VIP 
Input Offset Voltage 
log Input Offset Current e 35 380 60 380 pA 
(Note 2) e 45 - 80 500 pA 
Average Temperature Coefficient of e 035 8640 0.4 4.0 pAalcC 
Input Offset Current 
\g Input Bias Current e +50 =6+ 420 +100 = +420 pA 
(Note 2) e +65 _ +150 +550 pA 
Average Temperature Coefficient of e 0.4 5.0 05 5.0 paleC 
Input Bias Current 
Avon Large Signal Voltage Gain Vour= + 12V, Ry = 10k 150 1500 150 1500 VimV 
Vour= + 10V, R= 2k0 150 800 100 800 VimV 
CMRR | Common Mode Rejection Ratio Voy = + 13.5V | @ [| 108 130 108 130 dB 
PSRR Power Supply Rejection Ratio Vg = + 1.3V to + 20V e 108 128 108 128 dB 
Input Voltage Range e £13.5 +135 ] 
Output Voltage Swing R, = 10ka e +13 +14 +13 414 V 
Supply Current e 400 800 400 800 pA 


5k TO 100k 
POT 


Optional Offset Nulling and Over-Compensation Circuits 
Input offset voltage can be adjusted over a + 800,V 
range with a 5k to 100k potentiometer. 


The LT1012 is internally compensated for unity gain 
stability. The over-compensation capacitor, Cs, can 
be used to improve capacitive load handling capa- 
bility, to narrow noise bandwidth, or to stabilize cir- 
cuits with gain in the feedback loop. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Offset Voltage vs Source 
Resistance (Balanced or 
Unbalanced) 
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—55°C TO 125°C 


25°C 


o 
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SOURCE RESISTANCE (2) 


Input Bias Current vs Temperature 
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INPUT BIAS CURRENT(pA) 


an 
8 


+ 


-150 


-50 -25 0 2 = 50 


75 = 100 


TEMPERATURE (°C) 


Warm-Up Drift 
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Typical Distribution of Input Bias 
Current 
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Typical Distribution of Input 
Offset Current 


1020 UNITS 


TYPICAL 
——_—_|___- 
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Long Term Stability of Four 
Representative Units 


10k 100k 1M 
SOURCE RESISTANCE (2) 


Offset Voltage Drift with 
Temperature of Four 
Representative Units 


10M 100M 


CHANGE IN OFFSET VOLTAGE (zV) 
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OFFSET VOLTAGE (pV) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


0.1Hz to 10Hz Noise 
Ty=25°C 
Vg=41.2VT0 +20V 
= 4. 
3 
an 
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a 
> ne 4. 
g 
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at 
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Ss | ae 
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Supply Current vs Supply Voltage 


7 Pals Mose. 
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SUPPLY CURRENT (yA) 
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Voltage Gain vs Frequency 


VOLTAGE GAIN (dB) 
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Noise Spectrum Total Noise vs Source Resistance 
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LT1012A/LT1012 
TYPICAL PERFORMANCE CHARACTERISTICS 


Small Signal Transient Response Small Signal Transient Response Large Signal Transient Response 


20mv/DIV 
20mv/DIV 
2v/DIV 


Ay= +1, CLoap=100pF, 5ps/DIV Ay= +1, CLoap=1000pF, 548/DIV Ay= +1, 208/DIV 
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APPLICATIONS INFORMATION 


The LT1012 may be inserted directly into OP-07, 
LM11, 108A or 101A sockets with or without removal 
of external frequency compensation or nulling com- 
ponents. The LT1012 can also be used in 741, LF411, 
LF156 or OP-15 applications provided that the nul- 
ling circuitry is removed. 


Although the OP-97 is a copy of the LT1012, the 
LT1012 directly replaces and upgrades OP-97 ap- 
plications. The LT1012C and D have lower offset 
voltage and drift than the OP-97F. The LT1012A has 
lower supply current than the OP-97A/E. In addition, 
all LT1012 grades guarantee operation at +1.2V 
supplies. 


Achieving Picoampere/Microvolt Performance 

In order to realize the picoampere/microvolt level 
accuracy of the LT1012, proper care must be exer- 
cised. For example, leakage currents in circuitry 
external to the op amp can significantly degrade 
performance. High quality insulation should be used 
(e.g. Teflon, Kel-F); cleaning of all insulating 
surfaces to remove fluxes and other residues will 
probably be required. Surface coating may be neces- 
sary to provide a moisture barrier in high humidity 
environments. 


Board leakage can be minimized by encircling the in- 

put circuitry with a guard ring operated at a potential 

close to that of the inputs: in inverting configura- 

tions the guard ring should be tied to ground, in 

non-inverting connections to the inverting input at 

pin 2. Guarding both sides of the printed circuit 
OFFSET TRIM 


v+ lJ 
OUTPUT Z 1 
6 ° 


OVER COMP & 5 


board is required. Bulk leakage reduction depends 
on the guard ring width. Nanoampere level leakage 
into the offset trim terminals can affect offset volt- 
age and drift with temperature. 


Microvolt level error voltages can also be generated 
in the external circuitry. Thermocouple effects 
caused by temperature gradients across dissimilar 
metals at the contacts to the input terminals can ex- 
ceed the inherent drift of the amplifier. Air currents 
over device leads should be minimized, package 
leads should be short, and the two input leads 
should be as close together as possible and main- 
tained at the same temperature. 


Noise Testing 
For application information on noise testing and 
calculations, please see the LT1008 data sheet. 


Frequency Compensation 

The LT1012 can be overcompensated to improve 
capacitive load handling capability or to narrow 
noise bandwidth. In many applications, the feedback 
loop around the amplifier has gain (e.g. logarithmic 
amplifiers); overcompensation can stabilize these 
circuits with a single capacitor. 


The availability of the compensation terminal per- 
mits the use of feedforward frequency compensa- 
tion to enhance slew rate. The voltage follower 
feedforward scheme bypasses the amplifier’s gain 
stages and slews at nearly 10V/us. 


The inputs of the LT1012 are protected with back- 
to-back diodes. Current limiting resistors are not 
used, because the leakage of these resistors would 
prevent the realization of picoampere level bias cur- 
renis at elevated temperatures. In the voltage fol- 
lower configuration, when the input is driven by a 
fast, large signal pulse (>1V), the input protection 
diodes effectively short the output to the input dur- 
ing slewing, and a current, limited only by the output 
short circuit protection will flow through the diodes. 
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LT1012A/LT1012 
APPLICATIONS INFORMATION 


The use of a feedback resistor, as shown in the volt short circuit limit, resulting in faster recovery and 
age follower feedforward diagram, is recommended __ settling of the output. 
because this resistor keeps the current below the 


Test Circuit for Offset Voltage Pulse Response of Feedforward 
and its Drift with Temperature Follower Feedforward Compensation Compensation 


50 
50k* . 


5V/DIV 


—15¥ 


50k* 


5ys/DIV 


= Vo =1000Vo5 


“RESISTORS MUST HAVE LOW THERMOELECTRIC 
POTENTIAL 


eS 


TYPICAL APPLICATIONS 


Ammeter with Six Decade Range 


CURRENT INPUT 


~ iV 


01, 02, 03, 04, RCA CA3146 TRANSISTOR ARRAY. PIN 13 
CALIBRATION: ADJUST R1 FOR FULL SCALE CA3146 
DEFLECTION WITH 1pA INPUT CURRENT. 


AMMETER MEASURES CURRENTS FROM 100pA 
TO 100yA WITHOUT THE USE OF EXPENSIVE 
HIGH VALUE RESISTORS. ACCURACY AT 100pA 
IS LIMITED BY THE OFFSET VOLTAGE BETWEEN 
Q1 AND Q2 AND, AT 100pA, BY THE INVERTING 
BIAS CURRENT OF THE LT1012. 


y @ AP sh 2-113 


LT1012A/LT1012 


TYPICAL APPLICATIONS 


Kelvin-Sensed Platinum Temperature Sensor Amplifier 


10V 
REFERENCE - LT1021-10 


ROSEMOUNT 
78S I 
OR 

EQUIVALENT | 


Saturated Standard Cell Amplifier 


15V 


OUT 


1 O1GESY SATURATED 


STANDARD 
CELL 

#101 

EPPLEY LABS 
NEWPORT, 8.1. 


Rt 


THE TYPICAL 30pA BIAS CURRENT OF THE LT1012 WILL DEGRADE THE 
STANDARD CELL BY ONLY 1ppm/YEAR. NOISE IS A FRACTION OF A 


ppm. UNPROTECTED GATE MOSFET ISOLATES STANDARD CELL ON 
POWER DOWN. 


Amplifier for Photodiode Sensor 


RI 
5M 
1% 


OUT 
Vout = 10V/pA 


10k 


Vout =100mv/°C 
—50°C TO 150°C 


* =WIRE WOUND RESISTORS 

ALL OTHER RESISTORS ARE 1% METAL FILM 
TRIM R2 AT 0°C FOR Vg=0V 

TRIM R3 AT 100°C FOR Vg=10V 

TRIM R4 AT 50°C FOR Vg=5V 

IN THE ORDER INDICATED 


POSITIVE FEEDBACK (R1) LINEARIZES THE 
INHERENT PARABOLIC NONLINEARITY OF 


1 THE PLATINUM SENSOR AND REDUCES 


ERRORS FROM 1.2°C TO 0.004°C OVER 
THE —50°C 70 150°C RANGE 


Amplifier for Bridge Transducers 


RS 
56M 


OuT 


VOLTAGE GAIN 
56M = 100 


Buffered Reference for A to D Converters 


15V 


LM399 


6.5k 


“THE tk PRELOAD 
MINIMIZES GLITCHES 
INDUCED BY TRANSIENT 
LOADS 
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TYPICAL APPLICATIONS 


instrumentation Amplifier with + 100V Common Mode Range 


10M 1000 


10M ~15V 


Ay=100 
ALL RESISTORS 1% OR BETTER 


Air Flow Detector 


OuT 


4 E 
COLD 45 
JUNCTION 
AT AMBIENT 


MOUNT R1 IN AIRFLOW. 
ADJUST R2 SO OUTPUT 
GOES HIGH WHEN AIRFLOW 
STOPS. 


Resistor Multiplier 


Rin 
160 


10M 
Aw=et (1+ ) 


Low Power Comparator with < 10,V Hysteresis 


100k 


OUT 


2N3904 


Toooy TO 1V FULL SCALE 
ANALOG TO DIGITAL 
900k CONVERTER 


Ik 
” *RATIO MATCH + 0.01% 


FN507 THIS APPLICATION REQUIRES LOW BIAS CUR- 
ALLEN BRADLEY RENT AND OFFSET VOLTAGE, LOW NOISE, AND 
DECADE VOLTAGE DIVIDER LOW DRIFT WITH TIME AND TEMPERATURE. 


10k 


“No Trims” 12-Bit Multiplying DAC Output Amplifier 


12-BIT CMOS 
MULTIPLYING 
DAC 


REFERENCE IN 
0.1V TO 10V 


WHEN THE REFERENCE INPUT DROPS TO 0.1V, 
THE LEAST SIGNIFICANT BIT DECREASES TO 
THE MICROVOLT/PICCAMPERE RANGE. 


LT WI 
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SCHEMATIC DIAGRAM 
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PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 
H Package N Package SO Package 


8-Lead TO-5 Metal Can 8-Lead Plastic DIP 8-Lead Plastic SOIC 
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fel G1 Te 
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Tnr=9505 
9.040 
(ore 0.056 Ly 0.228-0.244 0,450 0.187 
Max TPO} 0.185 = 0.188 0.250 40.050 oe = 
cy oer (6.350 20.359) Gata Geata= 3.988} 
REFERENCE 
seating cae 
E Ja 0.500"0.750 
10. FE (2 70—19.05), 
gees DD) Mt aateta 
RAIL La 9018-0021 is3020.1271 
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0,027 0,045 | 
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‘5.080 — 584) 0.1004 0.010 0.018 20.003, 0.014 ~0.019 
Lad (25402 0,254) (0.457 40.076) {0.955 —0.483) 


0.010 ~0.020 
(0.204 0.508) 


9.900 ~0.970 


HOTE: LEAD OIAMETER IS UNCONTROGLED BETWEEN 
‘THE REFERENCE PLANE AND SEATING PLANE. 


(oat 1.270) 
0,000--0.015, 


— o7-0381) 
+0025 
8-975 “4.015 NOTES: 
OSE) 1. PKG MATERIAL: PLASTIC. 
0.5, 2 LEAD MATERLAL: 4-42, TIN PLATED 
~- 


LT) % TiMAX 8m TiMaX ficeeeval 
150°C 150°C 45°C 100°C 130°CIW 100°C 170°CW 
2-116 7 Wen 


J WU 


FEATURES 


= Internally Compensated 


= Guaranteed Offset Voltage 120nV Max. 
= Guaranteed Bias Current 

25°C 300pA Max. 

0°C to 70°C 380pA Max. 
= Guaranteed Drift 1.8uV/°C Max. 
= Low Noise, 0.1Hz to 10Hz 0.5pVp-p 
= Guaranteed Low Supply Current 600A Max. 
= Guaranteed CMRR 110dB Min. 
= Guaranteed PSRR 110dB Min. 


= Guaranteed Voltage Gain with 5mA Load Current 
APPLICATIONS 


= Precision Instrumentation 

= Charge Integrators 

= Wide Dynamic Range Logarithmic Amplifiers 
= Light Meters ‘ 

= Low Frequency Active Filters 

= Standard Cell Buffers 

= Thermocouple Amplifiers 


LT1012S8 


Picoamp Input Current, 
Microvolt Offset, 
Low Noise Op Amp 


DESCRIPTION 


The LT1012 is an internally compensated universal preci- 
sion operational amplifier which can be used in practically 
all precision applications. The LT1012 combines picoam- 
pere bias currents (which are maintained over the full 0°C 
to 70°C temperature range), microvolt offset voltage (and 
low drift with time and temperature), low voltage and cur- 
rent noise, and low power dissipation. Extremely high 
common-mode and power supply rejection ratios, practi- 
cally unmeasurable warm-up drift, and the ability to deliv- 
er 5mA load current with a voltage gain of a million round 
out the LT1012’s superb precision specifications. 


The all around excellence of the LT1012 eliminates the 
necessity of the time consuming error analysis procedure 
of precision system design in many applications; the 
1T1012 can be stocked as the universal internally compen- 
sated precision op amp. 


Kelvin-Sensed Platinum Temperature Sensor Amplifier 


+ 10V R 
REFERENCE 182K 


100K 


ROSEMOUNT 
78S Rs 


EQUIVALENT 


Positive feedback (R,} linearizes the in- 
herent parabolic nonlinearity of the 
platinum sensor and reduces errors 
from 1.2°C to 0.004°C over the 
~—50°C to 150°C range. 


WIRE WOUND RESISTORS 
ALL OTHER RESISTORS: 
1% METAL FILM 
Trim Ry at °C for Vo = OV 
Ry at 100°C for Vo = 10¥ 
R, at 50°C for Vo = SV 
in the order indicated 


Offset Voltage vs Source Resistance 
(Balanced or Unbalanced) 


Vour = 100mVv/ C 
—50°C to + 150°C 


INPUT OFFSET VOLTAGE (xV) 


1 
1k 3k 10k 30k 100k 300k 1M 3M 10M 
SOURCE RESISTANCE (2) 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage .........ccccceseeeeeseesseeneeeees +20V 
Differential input Current (Note 1)................ +10mA 


Input Voltage........... Lien taidideaniv ents +20V 
Output Short Circuit Duration..............008. Indefinite 
Operating Temperature Range ............... 0°C to 70°C 
Storage Temperature Range............. ~ 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.).............. 300°C 


Vog TRIM 


$8 PACKAGE 
PLASTIC SO 


ORDER PART 


PART MARKING 


1012 


ELECTRICAL CHARACTERISTICS Vg = + 15V, Vom = OV, Ta = 25°C, unless otherwise noted. 


LT1012S8 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Vos Input Offset Voltage 10 120 WW 
Note 2 25 180 uV 
LongTerminput Offset VoltageStabilty | | 03 aVimonth 
log Input Offset Current 50 280 pA 
60 380 pA 
lp Input Bias Current +80 +300 pA 
Note 2 +120 +400 pA 
en Input Noise Voltage 0.1Hz to 10Hz a aVp-p 
en Input Noise Voltage Density fo= 10Hz (Note 3} 7 EN) WiNHz 
fo = 1000Hz (Note 3) 14 22 nvivHz 
in Input Noise Current Density 20 fAVH2 
AvoL Large Signal Voltage Gain Vout = + 12V, R= 10k0 200 2000 VimV 
Vour= + 10V, Rh, =2k0 120 1000 VimV 
CMRR Common-Mode Rejection Ratio 110 132 dB 
PSRR Power Supply Rejection Ratio Vg = +2V to +20V 110 132 dB 
Input Voltage Range +13.5 +140 V 
Output Voltage Swing R= 10k +13 +14 V 
Slew Rate 0.1 0.2 Vins 
Supply Current Note 2 380 600 | pA 
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11101288 


ee 


ELECTRICAL CHARACTERISTICS vg = = 15v, Vom=0V,0°C<, Ta<70°C, unless otherwise noted. 


LT1012S8 


SYMBOL [es PARAMETER [= CONDENS MIN TYP MAX 
Vos Input Offset Voltage 
L Note 2 


iz Average Temperature Coefficient of Input 
Offset Voltage 


Input Offset Current 


Average Temperature Coefficient of Input 
Offset Current 


| 


Input Bias Current 


Note 2 


Average Temperature Coefficient of 


Input Bias Current 

Avot y Large Signal Voltage Gain Voyt= # 12V, RL = 10k0 
Voyt= + 10V, RL =2k0 

CMRR ‘| Commion-Mode Rejection Ratio Voy = + 13.5V 
PSRR Power Supply Rejection Ratio Vg = +2.5V to + 20V 

Input Voltage Range 
Vour Output Voltage Swing R= 10k0 
Is Supply Current 
The @ denotes the specifications which apply over the full operating tem- Note 2: These specifications apply for + 2VVg< + 20V (+ 2.5V<Vss 
perature range. + 20V over the temperature range) and - 13.5V <Voy<13.5V (for 
Note 1: Differential input voltages greater than 1V will cause excessive cur- V5 = + 15V). 
rent to flow through the input protection diodes unless limiting resistance Note 3: This parameter is tested on a sample basis only. 
is used. 


ee 


wee 
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TECHNOLOGY Quad Precision Oo Amp (LT1014) 


FEATURES 


# Single Supply Operation 
Input Voltage Range Extends to Ground 
Output Swings to Ground while Sinking Current 
= Pin Compatible to 1458 and 324 with Precision Specs 


= Guaranteed Offset Voltage 150pV Max. 
= Guaranteed Low Dritt 2uV/°C Max. 
= Guaranteed Offset Current 0.8nA Max. 
= Guaranteed High Gain 

5mA Load Current 1.5 Million Min. 

17mA Load Current 0.8 Million Min. 
m Guaranteed Low Supply Current 500pA Max. 
Low Voltage Noise, 0.1Hz to 10Hz 0.55pVp-p 


= Low Current Noise—Better than OP-07, 0.07 pA/ VHz 


APPLICATIONS per 

= Battery-Powered Precision | cs Dp 
Strain Gauge Si itidme 
Thermo § or 
instru nroitene EN 

m 4mA-20mA Curre T ers 

= Multiple Limit etection 


= Active Filters 
# Multiple Gain Blocks 


3 Channel Thermocouple Thermometer 


USE TYPE K THERMOCOUPLES. ALL RESISTORS =1% FILM. 
COLD JUNCTION COMPENSATION ACCURATE 
TO +1°C FROM 0°C — 60°C. 

USE 4TH AMPLIFIER FOR OUTPUT C. 


owen 


eo 


QUTPUT A 
JOmv/°C 


OUTPUT B 
10mv/°C 


Dual Precision Op Amp (LT1013) 
DESCRIPTION 


The LT1014 is the first precision quad operational 
amplifier which directly upgrades designs in the industry 
standard 14-pin DIP LM324/LM348/0P-11/4156 pin 
configuration. \t is no longer necessary to compromise 
specifications, while saving board space and cost, as 
compared to single operational amplifiers. 


The LT1014’s low offset voltage of 50nV, driftof0.3nV/°C, 
offset current of 0.15nA, gain of 8 million, common-mode 
rejection of 117dB, and power supply rejection of 120dB 
qualify it as four truly precision oper ional amplifiers. Par- 
ticularly important is the low, ge, since no offset 
null terminals are e quad configuration. 


Although su nly 350yA@er amplifier, a new 
xcess of 20mA of 
q oltage gain. 


output si 
Similarly, bd the first precision dual op amp in 
Fey. stry standard configuration, upgrading the 
ance of such popular devices as the MC1458/ 
1558, LM158 and OP-221. The LT1013’s specifications 
are similar to (even somewhat better than) the LT1014’s. 


Both the LT1013 and LT1014 can be operated off a single 
5V power supply: input common-mode range includes 
ground; the output can also swing to within a few 
millivolts of ground. Crossover distortion, so apparent on 
previous single-supply designs, is eliminated. A tull set 
of specifications is provided with + 15V and single 5V 
supplies. 


LT1014 Distribution of Offset Voitage 


NUMBER OF UNITS 


= 
» 300 —200 -1 


ssi 
oo «8 100 200 300 
INPUT OFFSET VOLTAGE (nV) 


2-121 


LT1013/LT1014 


ABSOLUTE MAXIMUM RATINGS 


PACKAGE/ORDER INFORMATION 


Supply Voltage... 6... ee eee +22V T 
Differential Input Voltage.................. + 30V [ ahi 
Input Voltage ........ Equal to Positive Supply Voltage ER headed 
manne 5V Below Negative Supply Voltage 
Output Short Circuit Duration ............. Indefinite io 2 aie 
Operating Temperature Range LT1013ACH 
LT1013AM/LT1013M/ V~ (CASE) LT1013CH 
LT1014AM/LT1014M ......... —55°Cto125°C LL eee [i 
LT1013AC/1013C/1013D TOP VIEW 
LT1014AC/1014C/1014D ......... 0°Cto70°C eins 
Storage Temperature Range [T1013ACJ8 
AllGrades................... —65°C to 150°C LT1013CJ8 
Lead Temperature (Soldering, 10 sec.)........ 300°C LT1013CN8 
HERMETIC DIP J8 PACKAGE LT1 01 3DN8 
PLASTIC DIP N8 PACKAGE 
TOP VIEW 
LT1014AMJ 
LT1014MJ 
LT1014ACJ 
LT1014CJ 
LT1014GN 
LT1014DN 
HERMETIC DIP 314 PACKAGE 
PLASTIC DIP N14 PACKAGE 
ELECTRICAL CHARACTERISTICS 
Vs = + 15V, Vom =OV, Ta=25°C unless otherwise noted 
ci LT1013AM LT1013M/LT1013C 
LT1013AC LT1013DN8 
SYMBOL | PARAMETER CONDITIONS LT1014AM LT1014M/LT1014C UNITS 
LT1014AC LT10140N 
| ae MIN TYP OMAX | MIN TYP MAX 
Vos Input Offset Voltage LT1013 ~ 40 150 - 60 300 WW 
LT1014 - 50 180 - 60 300 WW 
LT1013DN8/LT1014DN - - = ~ 200 800 WW 
Long Term Input Offset Voltage te 0.4 — = 0.5 = puV/Mo. 
==] L 
los Input Offset Current = 0.15 08 - 0.2 15 |) oA 
\p Input Bias Current - 12 2 | — 15 30—~C*@ nA 
ey Input Noise Voltage 0.1Hz to 10Hz = 0.55 - =- 0.55 oy uVp-p 
e, Input Noise Voltage Density | to= 10Hz = 24 i tees 24 = [write 
fo = 1000Hz - 22 - - 22 = nV/VHz 
in input Noise Current Density fo=10Hz - 0.07 -_ = 0.07 -_ pA/VHz 
Input Resistance—Differential (Note 1) | 100 400 = 70 300 = MQ 
Common-Mode L- 5 - = - 6a 
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LT1013/LT 1014 


ELECTRICAL CHARACTERISTICS 


Vs = +15V, Vom=OV, Ta=25°C unless otherwise noted 


~ | LT1013AM 7 111013M/LT1013¢ 
LT1013AC LT10130N8 
SYMBOL | PARAMETER CONDITIONS LT1014AM LT1014M/LT10146 UNITS 
LT1074AC LT10140N 
MIN TYP MAX MIN TYP MAX | 
Tf 
Avot Large Signal Voltage Gain Vo = + 10V, RL =2k 1.5 8.0 - 1.2 7.0 = V/V 
Vo = + 10V, R, = 6002 0.8 2.5 _ 0.5 2.0 _ V/W 
Input Voltage Range +13.5 +13.8 _ +13.5 +138 = Vv 
—15.0 15.3 - —15.0 15.3 ae Vv 
CMRR Common-Mode Rejection Ratio | Vom = +13.5V, —15.0V 100 117 - 97 114 a dB 
PSRR Power Supply Rejection Ratio Vg= + 2V to + 18V 103 120 - 100 117 _ dB 
Channel Separation Vo= + 10V, Ri =2k a jo = | ie a 
Vout Output Voltage Swing 7 R, =2k +13 +14 - £125 +14 ae V 
“ Slew Rate 0.2 0.4 - 0.2 0.4 - V/s 
Ig Supply Current | Per Amplifier _ 0.35 0.50 _ 0.35 0,55 | mA 
Note 1: This parameter is guaranteed by design and is not tested. 
Typical parameters are defined as the 60% yield of parameter distribu- 
tions of individual amplifiers; i.e., out of 100 LT1014s (or 100 
LT1013s) typically 240 op amps (or 120) will be better than the in- 
dicated specification. 
V¢: = +5V, Vg=OV, Vout=1.4V, Vom =OV, Ta= 25°C unless otherwise noted 
a | LT1013AM L1013M/LT1013¢ 
LT1013AC LT1013DN8 
SYMBOL | PARAMETER CONDITIONS LT1014AM LT1014M/LT10146 UNITS 
LT1014AC LT10140N 
MIN TYP MAX MIN TYP MAX 
Vos Input Offset Voltage LT1013 = 60 250 = 90 450 TT Ww 
LT1014 a 70 280 = 90 450 pV 
LT1013DN8/1LT10140N - = - a 250 950 be pV 
los input Offset Current \ = 02 13 | — 03 20 nA 
Ip Input Bias Current = 15 35 = 18 50 nA 
Avot Large Signal Voltage Gain Vo =5mV to 4V, Ri =5000 ae 1.0 oe | = 1.0 on | V/pV 
Input Voltage Range +] +3.5 +3.8 - +3.5 +3.8 _ Vv 
i) —0.3 _ 0 —0.3 = Vv 
Vout Output Voltage Swing Output Low, No Load - 15 25 = 15 25 mV 
Output Low, 6002 to Ground - 5 10 = 5 10 mv 
Output Low, Igiyy=1mA = 220 350 _ 220 350 mV 
Output High, No Load 4.0 4.4 - 4.0 4.4 - Vv 
Output High, 6000 to Ground 3.4 4.0 _ 3.4 4.0 - Vv 
Is a Supply Current Per Amplifier = 0.31 0.45 0.32 0.50 mA 
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ELECTRICAL CHARACTERISTICS v= + 15v, Vom=ov, —55°C <T,<125°C unless otherwise noted 


aaa 
SYMBOL CONDITIONS LT1013AM LT1014AM LT1013M /LT1014M UNITS 
MIN TYP MAX] MIN TYP MAX, MIN TYP MAX 
Input Offset Voltage - 90 350) — 110 =: 550 uw 


Vg = +5V, OV; Vo= +1.4V 
55°C ST, 100°C 
Vom=0.1V, Ty = 125°C 
Vem = OV, Ta= 125°C 


(Nate 2) je] — 04 20] — 04 20 


- 100 = =750 
750 
1500 


Input Offset Voltage Drift 


los Input Offset Current = 03 25) — 03 28 ; : nA 
Vg = +5V, OV; Vo= +1.4V - 0.6 6.0 | - 07 #70) — 0.9 = =10.0 nA 
Ip Input Bias Current - 15 30 - 15 30 | - 18 45 nA 
Vg = +5V, OV; Vo= +1.4V = 20 te ea 25 90 ee 28 120 nA 
Avot ~Yharge Signal Voltage Vo= + 10V, Ri =2k 05 #20 — 0.4 2.0 = 0.25 2.0 oe Tn 
in 
CMRA | Common-Mode Rejection | Voy= +13.0V, —14.9V 97 14. — 196 114 


100 «117 — 100 «117 


412 4138 — (212 2138 — [ats +138 a v 


Ratio 


Vout Output Voltage Swing R.=2k 


PSRR Power Supply Rejection | Vs= + 2V to + 18V 


Vg = +5V, OV; 
R, = 6000 to Ground 
Output Low 6 15 - 6 15 ee 6 18 mv 
Output High 3 - | 32 38 - |] 34 38 - Vv 
Ig s Current 0.38 0 ale 0.38 a0] — 0.38 O07 | mA 
Per Amplifier Vg= +5V, OV; Vo= +1.4V 0.34 0.55} ~ 0.34 0.55} — 0.34 0.65 | mA 
ELECTRICAL CHARACTERISTICS Vs = +15V, Vom=OV, 0°C <Ta<70°C unless otherwise noted 


LT10130/LT1013DN8 


LT1013AC 


SYMBOL | PARAMETER CONDITIONS LT1014C/LT1014DN | UNITS 
MIN TYP MAX! MIN TYP MAX] MIN TYP MAX 
Vos Input Offset Voltage e _ 65 270 | — 80 400 uw 
LT1013DN8, LT1014DN e _ = = - 230 =: 1000 pV 
Vg= +5V, OV) Vo=1.4V | @ - 85 380) — 410 570 pv 
LT1013DN8, LT1014DN e = _ = = 280 1200 BV 
Average Input Offset (Note 2) e - 03° 20) — 04 2.5 | wW/°C 
Voltage Drift LT1013DN, LT1014DN ° = - = _ 0.7 5.0 | wV/°C 
los Input Offset Current e| - 02 #15 [ - 0.2 #17 5 - 0.3 28 nA 
Vs = + 5V, OV; Vo=1.4V ej - 04 #35 { — 04 #40] — 05 6.0 nA 
\g Input Bias Current e 2 = 16 38 nA 
Vg=+5V,0V; Vo=1.4V fe) — 18 55 - 20 60 - 24 90 nA 
Avot Large Signal Voltage Gain | Vg = + 10V, Ri =2k e ; 40 
CMRR | Common-Mode Rejection | Voy= +13.0V, —15.0V e 


Ratio 


Power Supply Rejection |Vg= +2V to + 18V 101 W60- dB 
Ratio 
Vout Output Voltage Swing RL =2k @( 41254139 — [#1254139 — (41204139 — Vv 
Vs = +5V, OV; RL = 6000 
Output Low e) - 6 13 - 6 13 - 6 13 mV 
Output High e 39°  — 330039 = =- | 32 390 0 = Vv 
Is Supply Current per e 0.36 0.55] — 0.36 0.55} — 0.37 0.60 | mA 
Amplifier Vg= +5V, OV; Vo=1.4V | @ 0.32 0.50) — 0.32 0.50 [i 0.34 0.55 | mA 


Note 2: This parameter is not 100% tested. 
The @ denotes the specifications which apply over the full operating 
temperature range. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Offset Voltage Drift with 
Temperature of Representative Offset Voltage vs Balanced 
Units Source Resistance 


fT 1V5=SV, OV, —5! 


CHANGE IN OFFSET VOLTAGE (xV) 


INPUT OFFSET VOLTAGE (xV) 
INPUT OFFSET VOLTAGE (mV) 


0.01 
50 —-25 0 25 50 7 100 125 1k 3k 10k 30k 100k 300k 1M 3M 10M 
TEMPERATURE (°C) BALANCED SOURCE RESISTANCE (2) 
Common-Mode Rejection Ratio Power Supply Rejection Ratio 
vs Frequency vs Frequency 


100 ir 


8 


Nan 


s 


> 
3 


\ SUPPLY 
\ 
‘ . | 
Vg=  15V-+ 1Vp-p SINE WAVE 


20 F— 4, = 25°C 


COMMON-MODE REJECTION RATIO (48) 
POWER SUPPLY REJECTION RATIO (dB) 
& 


10 100 1k 10k 100k 1M 0.1 1 10 100 1k 10k 100k 1M 
FREQUENCY (Hz) FREQUENCY (Hz) 
10Hz Voltage Noise 
Noise Spectrum Distribution 
1000 


Ta=25°C 
Vg= + 2V 10 4 18V 


328 UNITS TESTED 
FROM THREE RUNS 


NUMBER OF UNITS 


NOISE VOLTAGE (200nV/ DIV) 


Warm-Up Drift 


Ta=28°C 
Vg= &2V 10 + 18V 


TIME (SECONDS) 


Supply Current vs Temperature 


[J [IN 
VOLTAGE NOIS! 


VOLTAGE NOISE DENSITY (nV/VHz) 
CURRENT NOISE DENSITY (fA/ VHz) 
8 


SUPPLY CURRENT PER AMPLIFIER (uA) 


A 
E 
: SSH TT 
10 | 0 
1 10 100 1k 10 20 30 40 50 60 


FREQUENCY (Hz) VOLTAGE NOISE DENSITY (nV/ viz) 


260 
—50 -25 0 2 80 75 100 125 
TEMPERATURE (°C) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Input Bias Current vs 
Common-Mode Voltage 
5 15 


COMMON-MODE INPUT VOLTAGE, Vs= +5V, OV (V) 


0 ~5 -10 ~15 -20 


INPUT BIAS CURRENT (nA) 


—25 


Output Saturation vs Sink 


Current vs Temperature 
as 

. ero 

er Oe ne 

a 

—_————— 

$ ee OEE | 

é if] 

2 of) 

Bo ESE lanx= 100; 
[7 ' sink 10, 
| 

0.01 Lj} 
-~60 -25 0 2 50 75 100 125 

TEMPERATURE (°C) 

Smail Signal Transient 

Response, Vs=5V, OV 
100mV 

50mv — 


Ay=+1 
R_ =6002 TO GROUND 
INPUT =OV TO 100mV PULSE 


20us/DIV 


£15V(V) 


COMMON-MODE INPUT VOLTAGE, Vs 


Input Offset Current vs 
Temperature 


INPUT BIAS CURRENT (nA) 


-5 0 
TEMPERATURE (°C) 


2 80 75 


Small Signal Transient 
Response, Vs = + 15V 


20mV/ BV 


Ay=+1 


2ys/DIV 


Large Signal Transient 
Response, Vs =5V, OV 


Ay=+1 
RL =4.7k to 8V 
INPUT =OV TO 4V PULSE 


10ys/ DIV 


Input Bias Current vs 
Temperature 


it) 
-50 +25 0 


2 50 75 
TEMPERATURE (°C) 


Large Signal Transient 
Response, Vg= + 15V 


5V/DIV 


50us/DIV 


Large Signal Transient 
Response, Vs =5V, OV 


W— 


2av- 


ov- 


Ay=+1 
NO LOAD 
INPUT = OV TO 4V PULSE 


10ys/ DIV 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Output Short Circuit Current 
vs Time Resistance 


Voltage Gain vs Load 


Voltage Gain vs Frequency 


SOURCING 


VOLTAGE GAIN (V/V) 


VOLTAGE GAIN (dB) 


SHORT CIRCUIT CURRENT (mA) 


VOLTAGE GAIN {dB} 


0.3 
FREQUENCY (MHz) 


APPLICATIONS INFORMATION 
Single Supply Operation 


The LT1013/ 1014 are fully specified for single supply 
operation, i.e., when the negative supply is OV. Input 
common-mode range includes ground; the output swings 
within a few millivolts of ground. Single supply operation, 
however, can create special difficulties, both at the input 
and at the output. The LT1013/LT1014 have specific cir- 
cuitry which addresses these problems. 


At the input, the driving signal can fall below 0V—inad- 
vertently or on a transient basis. If the input is more than 


AT es 


Channel Separation vs 
Frequency 


Vg= 2: 15V 
Ta=25°C 


Vin=20Vp-p TO 5kHz 
Ry =2k 


LIMITED BY 
THERMAL 
INTERACTION 


L 
LIMITED BY 
PIN TO PIN 
CAPACITANCE 


CHANNEL SEPARATION (dB) 


a few hundred millivolts below ground, two distinct prob- 
lems can occur on previous single supply designs, such 
as the LM124, LM158, OP-20, OP-21, OP-220, OP-221, 


OP-420: 


a) When the input is more than a diode drop below 
ground, unlimited current will flow from the substrate 
(V— terminal) to the input. This can destroy the unit. On 
the LT1013/ 1014, the 4000 resistors, in series with the 
input (see schematic diagram), protect the devices even 


when the input is 5V below ground. 


100k 
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APPLICATIONS INFORMATION 


(b) When the input is more than 400mV below ground 
(at 25°C), the input stage saturates (transistors 03 and 
Q4) and phase reversal occurs at the output. This can 
cause lock-up in servo systems. Due to a unique phase 
reversal protection circuitry (Q21, Q22, Q27, Q28), the 
LT1013/1014’s outputs do not reverse, as illustrated 
below, even when the inputs are at — 1.5V. 


There is one circumstance, however, under which the 
phase reversal protection circuitry does not function: 
when the other op amp on the LT1013, or one specific 
amplifier of the other three on the LT 1014, is driven hard 
into negative saturation at the output. 


Phase reversal protection does not work on amplifier: 

A when D’s output is in negative saturation. B’s and C’s 
outputs have no effect. 

B when C’s output is in negative saturation. A’s and D’s 
outputs have no effect. 

C when B’s output is in negative saturation. A’s and D’s 
outputs have no effect. 

D when A’s output is in negative saturation. B’s and C’s 
outputs have no effect. 


At the output, the aforementioned single supply designs 
either cannot swing to within 600mV of ground (OP-20) 
or cannot sink more than a few microamperes while 
swinging to ground (LM124, LM158). The LT1013/ 
1014’s all-NPN. output stage maintains its low output 
resistance and high gain characteristics until the output 
is saturated. 


In dual supply operations, the output stage is crossover 
distortion-free. 


Comparator Applications 


The single supply operation of the LT1013/1014 lends 
itself to its use as a precision comparator with TTL com- 
patible output: 


In systems using both op amps and comparators, the 
LT1013/ 1014 can perform multiple duties; for example, 
on the LT1014, two of devices can be used as op amps 
and the other two as comparators. 


Voltage Follower with Input Exceeding the Negative Common-Mode Range 


6Vp-p INPUT, —1.5V TO 4.5V 


Comparator Rise Response Time 
10mV, SmV, 2mV Overdrives 


OUTPUT (V) 


INPUT (mV) 


Vg=5V, OV 


50us/DIV 


LM324, LM358, OP-20 
EXHIBIT OUTPUT PHASE 
REVERSAL 


LT1013/LT1014 
NO PHASE REVERSAL 


Comparator Fall Response Time 
to 10mV, 5mV, 2mV Overdrives 


OUTPUT (V) 


INPUT (mv) 


Vg =5V, OV 50p8/ DIV 
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APPLICATIONS INFORMATION 


Low Supply Operation Test Circuit for Offset Voltage and 


’ ffset Drift with Temperature 
The minimum supply voltage for proper operation of the Oise Ore 


LT1013/1014 is 3.4V (three Ni-Cad batteries). Typical sok 
supply current at this voltage is 290A, therefore power 


dissipation is only one milliwatt per amplifier. “ae 
1002" Vo 
. . T1013 
Noise Testing OR LT1014 
50k* -1V 
For application information on noise testing and calcula- tected ui 
i THERMOELECTRIC POTENTIAL. 
tions, please see the LT1007 or LT1008 data sheet. Pes eee tage er 


CONFIGURATION, WITH SUPPLY VOLTAGES 
INCREASED TO + 20V. 


Vp= 1000V9g 
50MHz Thermal rms to DC Converter 5V Single Supply Dual Instrumentation Amplifier 
100K" 
Crucis I +5V 
+5V +INPUT={6 ——o 5 2 8 
0.01 : 7 
2 \ \ OUTPUT A 
i . 6 
one 0K +] 10K 10k 1 1 ‘ . 
10k 3 \ a l 
i = 
5V ' 1pF 1uF 
tak A i 1 ] 
LT 3000 [3] I a 
= Z ! 
100k* 10k” og ' f = 
1 
INPUT =f =a 
0.01 10k* 
13 
0.01 a = 
: 10K R 
3 
1 
nun wf Je OUTPUT B 
300mV — 2 
‘ovens = R2 
40 
BRN _|REO rep__ [BRN ok fe yal a 
FULL Ss ouTPUT 
SCALE 9 Al 
TRIM 
TIA [118 T2B__|T2A = Ak” = 
GRN GAN 
* 2% ACCURACY, DC—50MH2. 10k" 
100:1 CREST FACTOR CAPABILITY. OFFSET = 150,V 
“0.1% RESISTOR. = GAIN=P2 +1. 
T1-T2= YELLOW SPRINGS INST. CO. THERMISTOR COMPOSITE #44018. CMRR = 120 dB. 


ENCLOSE T1 AND 12 IN STYROFOAM. 
7.5mW DISSIPATION. 


COMMON-MODE RANGE IS OV TO SV. 


AT hee 9-129 


LT1013/LT1014 


TYPICAL APPLICATIONS 


Hot Wire Anemometer 


S00pF +15V 


Q2-05 
CA3046 
PIN 3 TO —15V 


OV-10V= 
0~1000 FEET/ MINUTE 


REMOVE LAMP’S GLASS ENVELOPE FROM 328 LAMP. 
A1 SERVOS #328 LAMP TO CONSTANT TEMPERATURE. 
A2-A3 FURNISH LINEAR OUTPUT vs FLOW RATE. 

"1% RESISTOR. 


Liquid Flowmeter 


3.2k™ 


1M* 


10M 
RESPONSE 
TIME 


2N4391 


OUTPUT 
OHz— 300Hz = 
0— 300ML/MIN 


“1% FILM RESISTOR. 
“*SUPPLIED WITH YS! THERMISTOR NETWORK, 
T1, T2 YSI THERMISTOR NETWORK = #44201. 
FLOW IN PIPE IS INVERSELY PROPORTIONAL TO 
RESISTANCE OF T1-T2 TEMPERATURE DIFFERENCE. 
A1-A2 PROVIDE GAIN. A3-A4 PROVIDE LINEARIZED 
FREQUENCY OUTPUT. 
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FLOW 


LT1013/LT1014 


TYPICAL APPLICATIONS 


5V Powered Precision Instrumentation Amplifier 


TO 
INPUT 
CABLE SHIELDS 


— INPUT 


RG (TYP 2k) 
OUTPUT 


200k* 


+ INPUT 


*1% FILM RESISTOR. MATCH 10k’s 0.05% 
- , — 400,000 
GAIN EQUATION: A=—“ae+1- 
TFOR HIGH SOURCE IMPEDANCES, 
USE 2N2222 AS DIODES. 


+5V 


QV Battery Powered Strain Gage Signal Conditioner 


+9V 
1N4148 

i 
2N2219 


TO A/D RATIO 
REFERENCE 


3602 
STRAIN GAGE 
BRIDGE 


TO A/D 


+9V 


TO A/D 


CONVERT COMMAND SAMPLED OPERATION GIVES LOW AVERAGE OPERATING CURRENT = 650pA. 


4.7k-0.01pF RC PROTECTS STRAIN BRIDGE FROM LONG TERM DRIFTS DUE TO 
HIGH AV/AT STEPS. 
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TYPICAL APPLICATIONS 


5V Powered Motor Speed Controller 
No Tachometer Required 


+5V 47 


2N5023 


1N4001 


1/4 CD4016 


1N4001 


MOTOR = CANON — FN30—R13N1B. 
At DUTY CYCLE MODULATES MOTOR. 
wv-av A2 SAMPLES MOTORS BACK EMF. 


+5V 


1N4148 ANS146 


1002 


1N4148 


2N2222 


24y 
MEETS ALL Vpp PROGRAMMING SPECS WITH NO TRIMS AND OUTPUT > a [ 
RUNS OFF 5V SUPPLY—NO EXTERNAL HIGH VOLTAGE SUPPLY REQUIRED. 

SUITABLE FOR BATTERY POWERED USE (600pA QUIESCENT CURRENT). 400K" 600ps RC 


"1% METAL FILM. 
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TYPICAL APPLICATIONS 


Methane Concentration Detector with Linearized Output 


*1% METAL FILM RESISTOR. 
SENSOR =CALECTRO-GC ELECTRONICS #J4-807 OR FIGARO #813. 


LT1004 
1.2V 


+5V 


74604 
O 
14 
—5V 1N4148 
a OUTPUT 
500ppm-10,000ppm 
‘1000 50Hz—~ 1kHz 


2k 


1000ppm 
TRIM 


Low Power 9V to 5V Converter 


+9V INPUT SV 


20mA 


2N2905 


1% 
a 


L=DALE TE-3/0Q3/TA. 

SHORT CIRCUIT CURRENT =30mA. 
= 75% EFFICIENCY. 

SWITCHING PREREGULATOR CONTROLS DROP ACROSS FET TO 200mv. 
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TYPICAL APPLICATIONS 


5V Powered 4mA-20mA Current Loop Transmitter t 


+5V 


Q3 
2N2905 


4N4002 (4) 


a4 


2N2222 toon" 


4mA-20mA OUT 
= TO LOAD 
2.2kQ MAXIMUM 


112-BIT ACCURACY, 
“1% FILM. INPUT 
11 =PICO-31080. 0T0 4v 


1 


| | 1N4002 (4) 


4mA-20mA OUT 
FULLY FLOATING 


TO INVERTER 7 
DRIVE 


+8-BiT ACCURACY. 
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rc 
TYPICAL APPLICATIONS 


5V Powered, Linearized Platinum RTD Signal Conditioner 


2M 
4990 1672 9 OUTPUT 
200k 2p : 8} ov-4v= 
ia 0°C-400°C 
at 02 il 1500 0p £0.05°C 
200k 3 7 
2N4250 LINEARITY GAIN TRIM 
(2) oM ae 1k 
1.5k & SENSOR = = 3.01k 
u 8.25k 
i — 
ROSEMOUNT 5 50k S 
= ME : ZERO +5V 
i o TRIM 
2.4k 
Fy 274k 5% 
4 13 
w 40k L11009 
12 250k 2.5 


ALL RESISTORS ARE TRW-MAR-6 METAL FILM. 
RATIO MATCH 2M-200K +0.01%. 
TRIM SEQUENCE: 
SET SENSOR TO 0° VALUE. 
ADJUST ZERO FOR OV OUT. 
SET SENSOR TO 100°C VALUE. 
ADJUST GAIN FOR 1.000V OUT. 
SET SENSOR TO 400°C. 
ADJUST LINEARITY FOR 4.000V OUT, REPEAT AS REQUIRED. 


Strain Gage Bridge Signal Conditioner 


1.2Voyt REFERENCE 

TO A/D CONVERTER 

FOR RATIOMETRIC OPERATION 
4mA MAXIMUM LOAD 


© © 


OUTPUT OV-3.5V 


PRESSURE Opst-350psi 
TRANSDUCER 
3500 
2k GAIN TRIM 


46k* 


*41% FILM RESISTOR. 
PRESSURE TRANSDUCER—BLH / DHF—350. 


CIRCLED LETTER 1S PIN NUMBER. 1000" 
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TYPICAL APPLICATIONS 


LVDT Signal Conditioner 


FREQUENCY = 
1.5kHz 


Es 


YEL-BLK 


Zz 
ee 


10k 
1N914 


4.7k 


ee we eee 


LT1004 
2N4338 1.20 


10k 


Triple Op Amp Instrumentation Amplifier with Bias Current Cancellation 


OUTPUT 


os 2R1\ R3 
GAIN = (+34) ed 


INPUT BIAS CURRENT TYPICALLY <1nA 
INPUT RESISTANCE =3R = 15M FOR VALUES SHOWN 
NEGATIVE COMMON-MODE LIMIT =V~- +15 x 2R-+30mV 
=150mV for V- =0V 
Ip=12nA 
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TYPICAL APPLICATIONS 
Voltage Controlied Current Source with 


Low Dropout Regulator for 6V Battery Ground Referred Input and Output 


+5V 


1002 


| loyr=OmA TO 18mA 


0.009V DROPOUT AT SmA OUTPUT. 


50k 
0.108V DROPOUT AT 100mA OUTPUT. 
louiescent = 85084. SUTRUTADIUST FOR BIPOLAR OPERATION, 
= RUN BOTH ICs FROM 
A BIPOLAR SUPPLY. 
6V to + 15V Regulating Converter 
tak +BV 
a mln ia: 
“ 459F 40k 
22k 1 
2N3906 
AND: OU ee —16v 2N4391 
400kHz INPUT CLK1 = 74074 02 74C00 + 15Vout 
D101 pe a2 u 10 + 16V 0.005 14M 
-s 
iMHY FB 
= ni 
+16V 1 200k 
Ok 3 6v a 
1 + + 
1pF 23904 10 ” 
T IT —16V 100k 
- 10k = 
LT1004 
82k 1.2¥ 


4 
jo 


L1=24-104 AIE VERNITRON 


ph = 14148 


+ 5mA OUTPUT = 
75% EFFICIENCY 


0.005 1M 
2N5114 


LT1013/LT1014 
Sg SS USNS 


TYPICAL APPLICATIONS 


Low Power, 5V Driven, Temperature Compensated Crystal Oscillator (Txco)t 


OSCILLATOR SUPPLY 
STABILIZATION 


+5V 
1000 


TEMPERATURE 
COMPENSATION 
GENERATOR 


2N2222 


OSCILLATOR 
560k 


3.5MHz OUTPUT 
0.03ppm/°C, 0°C-70°C 


6800 


Ryo 


4.22M* 


YS! 44201 


“1% FILM 
3.5MHz XTAL=AT CUT—35°20" 


MOUNT Ry NEAR XTAL 
3mA POWER DRAIN 
TTHERMISTOR-AMPLIFIER-VARACTOR NETWORK GENERATES 
A TEMPERATURE COEFFICIENT OPPOSITE THE CRYSTAL TO 
MINIMIZE OVERALL OSCILLATOR DRIFT 


Step-Up Switching Regulator for 6V Battery 


OUTPUT 
+15V 


INPUT 


LT1004 
1.2 


2N2222 


L1 =AIE—VERNITRON 24-104 
78% EFFICIENCY 


LT ee 
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SCHEMATIC DIAGRAM Ye LT1013, % LT1014 
06 013 ais 014 | fs 


(t é ie aa 
lle: eats 
eta f- 


ge Rs Ge 42k 
& NA 08 


PACKAGE DESCRIPTION 


J Package 14 Lead Cavity DIP N Package 14 Lead Molded DIP 


36 


0.290 -0.320 K 085 
(7386-8128) 0.920 - 0.070 2185, ry re 
(0.508—1.778) a (3.175) MIN _0.130:+0.005 
(3.175) bed (2.302 20.127} 


MIN 


0.018 0,003 


0.090.015, 0.075 + 0.015 
0.008 0.012 0.190 0.060 = 0.905 2875 20.015. 0.018 2:0,009, 
{0.203 -0,304) 2.540) (1:524-20.127) (0.228-0.381) (1.908 20.381} (0.457 20.076) 
MAX BOTH ENDS 0.325 +008 
0.385 #0.025 0.190 + 0.010 0,918 40.002 = 2.015 0.100 0.010 
9.7792 0.635) (2540 20.254) {0.487 40.050) fas 789 (2540-« 0.254) 
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PACKAGE DESCRIPTION 


H Package 
Metal Can 
0.355 0.370 
(9.017 —9.399) 
DIA 
a 0.305 0,535 
| eae | 
0.040 DA 
1.015) - ; 
max (127) 0.165.185 
MAX (4.191 4.699) 
¥ ¥ 


0.027 —0.045 
(0.686 — 1.143) 


(0.686 — 0.864) 
GLASS 
CL 
0.100 
(2.540) 
0.120—0.160 Bsc* 
(3.048 ~ 4.064) RAD TYP 
INSULATING 
‘STANDOFF 


NOTE: DIMENSIONS IN INCHES (MILLIMETERS) 


Tymax Oa Oe 
150°C | 150°C/W | S5°C/W 


as 
Tet 016) 


0.370 —0.400 
(9.400 -- 10.16) 


0.020 [+ 
(0.508) 
MIN 


O.155-0.475. 
(3.937 — 4,445) 


G.125—0.130 
(3.175 — 3.302) 


esi 


BSC* 
Tre 


el (0.356—0.588) 
TYP 


J8 Package 
8 Lead Hermetic DIP 


0.220 0.310 
(5.588 — 7.874) 


0.200 
(6.080) 0.015.060 
MAX (0.381—1.624) 


7 

0.125-0,200 13.810) a NY 

(3.175 -~ 6.080) MIN “ iy 

aie Ware = $5 ll frac Some ' | M 
0.030—0.070 ed Sed 0,008 0.015 
f Ars a - {0.762—1.78) t O18 I 9203 —0.381) 

al YP TYP 
SC. 0.014-0.023 0.290 0.320 
at rl 9356 — 0.584) "(7.366- 8.126) 
TYP 


NOTE: DIMENSIONS IN INCHES (MILLIMETERS) UNLESS OTHERWISE NOTED 
*LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tj ja 
wert | 100°C /Ww 


N8 Package 
8 Lead Plastic 


0.240 0.280 
{8.096 -7.112) 


(0.127) wl [eT 45° 


0.115 6.145 
(2.921 — 3.683) 


a 
ere 


0.030 —0.060 Salas 25 
(0.762— 1.524) pe ett 
TYP 
0.200-0.910, 
(7.366—7.874) 


0.008 — 0.015 
(0203— 0.387) 
TP 
0.014 0.023 


NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 
*LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 
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: y LINE A\ ) LT1013DS8 
TECHNOLOGY Dual Precision Op Amp 


FEATURES DESCRIPTION 

® Single Supply Operation The LT1013 is the first precision dual op amp in the 8-pin 
Input Voltage Range Extends to Ground small outline (SO) package, upgrading the performance of 
Output Swings to Ground while Sinking Current such popular devices as the MC1458, LM358 and OP-221. 


m Pin Compatible to 1458 and 324 with Precision Specs +. 1740195 low offset voltage of 200nV, drift of 0.7nV/°C, 


npn eet ie An a offset current of 0.2nA, gain of 7 million, common-mode 
= Guaranteed Otfset Current ‘ 5nA Max. rejection of 114dB, and power supply rejection of 117dB 
= Guaranteed High Gain "qualify it as two truly precision operational amplifiers. Par- 


5mA Load Current 4.2Million Min ticularly important is the low offset voltage, since no off: 
47mA Load Current 05 Million Min. set null terminals are provided in the dual configuration. 
= Guaranteed Low Supply Current 550uA Max. Although supply current is only 350,A per amplifier, a new 


= Low Voltage Noise, 0.1Hz to 10Hz 0.55uVp-p output stage design sources an Bg Gp excess of 20mA 
= Low Current Noise—Better than OP-07, o.07pANH2 of load current, while ¢ ge gain. 
if 


The LT101 ed off a gi V power supply: 
APPLICATIONS Ya,9 “Mode ranges nd; the output 
€ 0 ea N few millivolts of ground. 
« Battery-Powered Precision Instrumentati per Crossoves digtolaiga 80 apparent on previous single-sup- 
Strain Gauge Signal Conditio re) x <p eliminated. A full set of specifications is 
Thermocouple Amplifj x ied with + 15V and single 5V supplies. 
Instrumentati 
a 4mA-20m oop Transgi J 
= Multiple Lirtit <O pe 
= Active Filters 
¥S 


= Multiple Gain B 


OUTPUT A 
10mv/°C 


OUTPUT B 
10mv/°C 
USE TYPE K THERMOCOUPLES. ALL RESISTORS = 1% FILM. 

COLD JUNCTION COMPENSATION ACCURATE 
TO +1°C FROM 0°C— 60°C. 

USE 4TH AMPLIFIER FOR OUTPUT C. 
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ABSOLUTE MAXIMUM RATINGS 


PACKAGE/ORDER INFORMATION 


Supply Voltage .........ccscsseeceesseveseveveees £20V TOP Vw ORDER PART | 
Differential Input Voltage ...............0cccceeees +30V NUMBER 
Input Voltage ........... Equal to Positive Supply Voltage 1T1013DS | 
dosatalee 5V Below Negative Supply Voltage y 
Output Short Circuit Duration.................. Indefinite 
Operating Temperature Range ............... 0°C to 70°C 
Storage Temperature Range RASTIOSD Bycrrrrarcet 
All Grades .........0.ccceeeseeeseeees - 65°C to 150°C 
Lead Temperature (Soldering, 10sec.).............. SOO"C™ «| vere titres Bou HAAR OM DREERE CAO 1013 
THE STANDARD 8-PIN DUAL-IN-LINE CONFIGURATION 
met Hee 
ELECTRICAL CHARACTERISTICS Vg = + 15V, Vow = OV, Ta = 25°C, unless otherwise noted. 
LT1013D 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Input Offset Voltage i a a 
Long Term Input Offset Voltage Stability | 05 ; 
Input Bias Current 15 30 nA 
Cn Input Noise Voltage 0.1Hz to 10Hz - 
Cn Input Noise Voltage Density fo= 10Hz 24 nviNHz 
fo = 1000Hz | 22 a) nvivHz 
in | ~ input Noise Current Density |__ fo=10Hz | 0.07 pANHz 
Input Resistance—Differential (Note 1) 70 300 MQ 
| Common-Mode I 4 Go 
Avo. Large Signal Voltage Gain Vo= + 10V, R, =2k 12 7.0 Vy 
| _|__Vo= +10V, R, = 6000 0.5 2.0 VipV 
Input Voltage Range rely +138 a V 
| -150  - 183 Vv 
CMRR = Mode Rejection Ratio Vow = + 18,5V, - 15.0V 97 114 i dB 
PSRR = Supply Rejection Ratio Vg= + 2V to + 18V | 100 417 dB 
Channel Separation Vo= + 10V, R, = 2k 120 137 dB 
Output Voltage Swing | RL=2k +125 +14 Vv 
Slew Rate [ 0.2 04 | Vlas 
Supply Current __|__ Per Amplifier T 0.35 055 | mA 
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ee 


ELECTRICAL CHARACTERISTICS 


Vg*t = +5V,Vs~ =0V, Vour=1.4V, Vom= OV, Ty = 25°C, unless otherwise noted 


L11013D 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Vos Input Offset Voltage | 250 950 iW 
los Input Offset Current i 0.3 2.0 | nA 
lp Input Bias Current =| 18 50 \_ nA 
Avot Large Signal Voltage Gain Vo=5mvV to 4V, R, = 5000 1.0 bal Vip 
|" Input Voltage Range +35 +38 V 
[ 0 -0.3 V 
Vour Output Voltage Swing Output Low, No Load 15 25 mV 
Output Low, 6002 to Ground 5 10 mV 
Output Low, Iginx = 1MA 220 350 mV 
Output High, No Load 4.0 44 V 
Output High, 6002 to Ground 3.4 4.0 7] 
Ig Supply Current Per Amplifier 0.32 0.50 mA 


ELECTRICAL CHARACTERISTICS v, = = 15V, Vom =0V, 0°C<Ta<70°C unless otherwise noted 


SYMBOL 


PARAMETER 


| CONDITIONS 


LT1013D 


TYP 


Vos Input Offset Voltage wV 
Vg = + 5V, OV; Vo=1.4V 
Average Input Offset Voltage Drift (Note 2) 
log Input Offset Current 


Vsg= +5V, OV; Vo=t AV 


lp Input Bias Current 16 
[ _|__Vg= +5V, 0V; Vo=1.4V jel 24 9 | nA 
Avon Large Signal Voltage Gain Vo= + 10V, R, = 2k e| 0.7 4.0 li Via 
CMRR Common-Mode Rejection Ratio Vow = + 13.0V, - 15.0V zi e 94 113 dB 
PSRR Power Supply Rejection Ratio [Vez #2Vto + 18V [el a 116 | «B 
Vout Output Voltage Swing R.=2k @| +120 +139 v 

Vs = +5V, OV; Ri = 6008 

Output Low e 6 13 mV 
Output High e 3.2 3.9 a2 Vv 
lg Supply Current per Amplifier —| ra 0.37 0,60 mA 
[_Vs= +5V, OV; Vo=1.4V Le 0.34 0.55 mA 


The @ denotes the specifications which apply over the full operating tem- 
perature range. 
Note 1: This parameter is guaranteed by design and is not tested. Typical 
parameters are defined as the 60% yield of parameter distributions of 

individual amplifiers; i.¢., out of 100 LT1013s typically 120 op amps will be 
better than the indicated specification. 

Note 2: This parameter is not 100% tested. 


nn 
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Lin } \D LT1022 


TECHNOLOGY High Speed, Precision 
JFET Inout Operational Amplifier 


FEATURES DESCRIPTION 

= Guaranteed Slew Rate 23V/ ps Min. The LT1022 JFET input operational amplifier combines 

« Guaranteed Offset Voltage 250zV Max. high speed and precision performance. 

— 55° ° NV Max. ; : 

7 Pact i : ayia ee A26V/ ys slew rate and 8.5MHz gain-bandwidth product 

= Guaranteed Bias Current are simultaneously achieved with offset voltage of typical- 

70°C 180pA Max ly 80pV, 1.54V/°C drift, bias currents of 50pA at 70°C, 
125°C 4nA Max. 500pA at 125°C. The output delivers 20mA of load cur- 
= Gain-Bandwidth Product B.5MHz Typ. ‘rent without gain degradation. 

# Settling Time to 0.05% (10V Step) 0.9ysTyp. The 250yV maximum offset voltage specification repre- 
sents less than 1% least significant bit error in a 14-bit, 
10V system. 

The LT1022A meets or exceeds all OP-16A and OP-16E 

APPLICATIONS specifications. It is faster and more accurate without 

a Fast D/A Output Amplifiers (12, 14, 16 Bits) stability problems at cold temperatures. 


® High Speed Instrumentation 
= Fast, Precision Sample and Hold 
® Voltage-to-Frequency Converters 


The LT1022 can be used as the output amplifier for 12-bit 
current output D/A converters, as shown below. 


# Logarithmic Amplifiers For a more accurate, lower power dissipation, but slower 
JFET input op amp, please refer to the LT1055 data 
sheet. , 
12-Bit Voltage Output D/A Converter Large Signal Response 


©) mes 
OmA TO 2mA 
OR Ama 


12-BIT CURRENT OUTPUT D/A 
CONVERTER (¢.g., 6012, 565 OR DAC-80) 


OUTPUT 
OV TO 10V 


§V/DIV 


= —15V 


C= 15pF TO 339F Ay=1, C= 100pF, 0.5ps/DIV 
SETTLING TIME TO 2mvV (0.8 LSB) =1.5ps TO 2us Ta=25°C, Vg= + 15V 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage........0....00.. 
Differential Input Voltage 
input Voltage.................. 
Output Short Circuit Duration 
Operating Temperature Range 

LT1022AM/1022M 

LT1022AC/1022C............ 
Storage Temperature Range 

All Devices 


+20V 


— 55°C to 125°C 
a°C to 70°C 


300°C 


PACKAGE/ORDER INFORMATION 


TOP VIEW 


METAL CAN H PACKAGE 


ORDER PART 
NUMBER 


24 


LT1022AMH 
LT1022MH 
LT1022ACH 
LT1022CH 


TOP VIEW 


rey NC 
vt 
6} our 
BAL 


PLASTIC DIP N&8 PACKAGE 


LT1022CN8 


ELECTRICAL CHARACTERISTICS 


Vg = + 15V, Ty = 25°C, Voy =OV unless otherwise noted 


LT1022AM inert 
gaia LT10220N8 

SYMBOL PARAMETER CONDITIONS TYP 

Input Offset Voltage (Note 1) : fcr a a nN 
8 Package = a = = B 
log | input Offset Current Fully Warmed Up = 2 jo | 2 20 + pA 
lp Input Bias Current Fully Warmed Up - +10 +50 - +10 +50 pA 
Vom= + 10V = +30 +100 | — +30 +150 pA 
aN Ria | va-—ivery | m - [= om = | 
Vem = +8V to +11V | 1" - 19 2 
\nput Capacitance _ 4 - | = 4 -: pF 
eh Input Noise Voltage 0.1Hz to 10Hz = 25 0 — — 280 — uVp-p 
a, Input Noise Voltage Density [is fo = 10Hz (Note 2) T = 28 50 = 30 60 jnV/VHz 
fo = 1kHz (Note 3) - 14 20 _ 15 22 |nV/VHz 
in Input Noise Current Density | =10Hz, 1kHz (Note 4) i = 1.8 4 - 1.8 4 fA/VHz 
Avot Large Signal Voltage Gain Vo=2+10V RL =2k 150 400 — | 120 400 = V/V 
Ri = 1k 130 300 = 100 300 aes zi V/mV 
Input Voltage Range {210.5 +12 —  f£105 212 _ Vv 
CMRR Common-Mode Rejection Ratio Vom = + 10.5V 86 94 - 82 92 - dB 
PSRR Power Supply Rejection Ratio Vg= + 10V to + 18V [ 88 104 mas if 86 102 - dB 
Vour Output Voltage Swing | R= 2k ts 413.2 — [412 4132 — Vv 
SR Slew Rate 23 26 - 18 24 aa V/us 
GBW Gain-Bandwidth Product a f=1MHz 4 im 8.5 - 8.0 - | MHz 
Is | Supply Current } = 52. 70 | — 52 7.0 mA 
Settling Tim A=+1 =- 

oe 10V Serco od 0.9 = = 0.9 | BS 
TOV Step to 0.02% = 1.3 = - 1.3 el | ps 
‘| Offset Voltage Adjustment Range | Reor= 100k | = a7 = = £7 = mv 
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Eng 
ELECTRICAL CHARACTERISTICS v, = + 15V, Vey =0V, 0°C <T,<70°C unless otherwise noted 


LT1022CH 

LT1022A6 LT10220N8 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | UNITS 
Vos Input Offset Voltage H Package - 180 1000 pV 
(Note 1) N8 Package - 300 1700 au 
Average Temperature | H Package - 1.8 9.0 pV /°C 
Coefficient of Input Offset N8 Package (Note 5) - 3.0 15.0 | pv/°C 


Voltage 
Input Offset Current 


Warmed Up,T,= 70°C 


los 

ip | Input Bias Current Warmed Up, T,= 70°C — +50 +200 

Avot Large Signal Voltage Gain Vo= + 10V, Rp =2k 80 250 = V/mv 
CMRR Common-Mode Rejection Ratio Vem = + 10.4V 93 dB 
PSRR Power Supply Rejection Ratio | Vs= + 10V to + 18V dB 
Vout Output Voltage Swing L R, = 2k V 


He. LT1022AM 171022M 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS 
Vos [ Input Offset Voltage (Note 1) = 230 750 - 300 1500 pV 

Average Temperature (Note 5) a 1,5: 5.0 = 2.0 9.0 | wv/ °¢ 

Coefficient of Input Offset 

Voltage att 
los ") Input Offset Current Warmed Up, T,= 125°C — 0.3 2.0 = 0.30 3.0 nA 
Ip input Bias Current Warmed Up, Ta= 125°C = +05 +40 ai - 40.7 +6.0 nA 
Avot Large Signal Voltage Gain T Vo= + 10V, R, =2k 40 120 — 35 120 = V/mv 
CMRR Common-Mode Rejection Ratio Vom= + 10.4V 85 92 - [80 90 = dB 
PSRR LC Power Supply Rejection Ratio Vg=+410V to +17V 86 102 = 84 100 _ dB 
Vout Output Voltage Swing | RL= 2k +12 +12.9 _ ze: 12 +129 = v 


The @ denotes the specifications which apply over the full operating 


temperature range. 


Note 1: Offset voltage is measured under two different conditions: 

(a) approximately 0.5 seconds after application of power; 

(b) at Ty=25°C, with the chip self-heated to approximately 45°C to 

account for chip temperature rise when the device is fully warmed up. 
Note 2: 10Hz noise voltage density is sample tested on every lot of A 
grades. Devices 100% tested at 10Hz are available on request. 


7 Wen 


Note 3: This parameter is tested on a sample basis only. 

Note 4: Current noise is calculated from the formula: i, =(2qlg)*, where 
q= 1.6 x 10~'? coulomb. The noise of source resistors up to 1GQ 
swamps the contribution of current noise. 

Note 5: Offset voltage drift with temperature is practically unchanged 
when the offset voltage is trimmed to zero with a 100k potentiometer be- 
tween the balance terminals and the wiper tied to V+ . Devices tested to 
tighter drift specifications are available on request. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


30 


Vg= 4 15V 


‘ 
Gane 


See 
\ 


1 10 100 1k 10k 100k 1M 10M 100M 
FREQUENCY (Hz) 


Undistorted Output Swing vs 
Frequency 


PEAK-TO-PEAK OUTPUT SWING (V) 


1M 
FREQUENCY (Hz) 


Ay= +1, CL =100pF, 0.2y8/DIV 
Ty=25°C, Vg= 2 15V 


Phase Margin, Gain Bandwidth 
; Product, Slew Rate vs 
Gain vs Frequency Gain, Phase Shift vs Frequency Temperature 


> 
So 


SLEW RATE (V/s) 


GAIN-BANDWIDTH PRODUCT (MHz) 


PHASE MARGIN (DEGREES) 
a 
o 


40 
~530 -25 0 2 


Settling Time 


50 
TEMPERATURE (°C) 


7% «100 125 


OUTPUT VOLTAGE SWING FROM OV (V) 
o 


| 
oS 


1 2 
SETTLING TIME (ys) 


The typical behavior of many LT1022 parameters is identical to the LT 1056. Please refer to the LT1055/ 1056 data sheet 
for the following typical performance characteristics: 


Input Bias and Offset Currents vs Temperature 


Input Blas Current Over the Common-Mode Range 
Distribution of Input Offset Voltage (H and N8 Package) 
Distribution of Offset Voltage Drift with Temperature 


Warm-Up Drift 

Long Term Drift of Representative Units 
0.1Hz to 10Hz Noise 

Voltage Noise vs Frequency 

Noise vs Chip Temperature 


Output Impedance vs Frequency 


Common-Mode Range vs Temperature 
Common-Mode and Power Supply Rejections vs 


Temperature 


Common-Mode Rejection Ratio vs Frequency 


Power Supply Rejection Ratio vs 
Voltage Gain vs Temperature 


Frequency 


Supply Current vs Supply Voltage 
Output Swing vs Load Resistance 


Short Circuit Current vs Time 
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APPLICATIONS INFORMATION 


The LT1056 applications information is directly applicable (4) phase-reversal protection 
to the LT1022. Please consult the LT1055/1056 data (5) high speed operation (including settling time test 


sheet for details on: circuit) 
(1) plug-in compatibility to industry standard devices (6) noise performance 
(2) offset nulling (7) simplified circuit schematic. 


(3) achieving picoampere/microvolt performance 


TYPICAL APPLICATIONS 


Fast Piezoelectric Accelerometer 


4pF-SpF 


ENOEVCO #2215 
ACCELEROMETER 


10Hz to 1MHz Voltage-to-Frequency Converter 


100pF 
(POLYSTYRENE) 


2N2222 s0009F 


Pl = 1n148 
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LT1022 
TYPICAL APPLICATIONS 


PIN Photodiode-to-Frequency Converter 


5pF 
FULL-SCALE TRIM 


+15V 


TTL OUTPUT 
20Hz —+ 2MHz 


2N2222 


1000pFt 


1.8k 
4.7k 


3.3M 


10k 
DARK 
CURRENT 
TRIM 


Py 
—15V = 


SCALE FACTOR = 
1nW/Hz AT 900 NANOMETERS FROM 20nW TO 2mW 


§ ¥ = HEWLETT PACKARD PHOTODIODE HP5082-4204 


ph = IN4148 


tPOLYSTYRENE 
“SELECT VALUE FOR 2mW IN =2MHz OUT. 


Wide Bandwidth Absolute Value Circuit Fast, Differential input Current Source 


10k* 10k* 10k* 


lour= Vine~Vini 


* 1N4148 
INPUT acs 


aN OUTPUT 


OV TO +10V 


"MATCH 10 0.01% 
FULL-SCALE POWER BANDWIDTH 
= 1MHz FOR IgytR = 8Vp-p 


1N4448 


—15V 
“0.1% = 400kHz FOR |pyth = 20Vp-p 
10k* 4 MAXIMUM Igyr=: t0mAp-p 
eo Mantis COMMON-MODE VOLTAGE AT LT1022 INPUT = loutp-pXRL 
2 


5% ACCURACY TO 700kHz 
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TYPICAL APPLICATIONS 


High Output Current Op Amp 


—15V SLEW RATE = 26V/ ps 
lout = 150mA 
C_ CAN BE 14F 
Ay= +1, Gr=1000pF 
Ay= ~1, Cr= 10pF 


LT1022 


Low Distortion Sine Wave Oscillator 


#327 LAMP 


Fast, Precision Sample-Hold 


ik 


(NPUT 


+15V 


HP5082-2810 


TTL 
{NPUT 


HOLD STEP 
COMPENSATION 


46ns APERTURE TIME 

2us ACQUISITION TIME TO 0.01% 

HOLD SETTLING < 100ns COMPENSATION 
TRIM 


SAMPLE-HOLD 
SIGNAL PATH 


2N2369 


HP5082-2810 pe 
- HOLD STEP 


+ 
ty 0.083.F 
10k 9530" 


“1% FILM 
10k DUAL POTENTIOMETER — 
MATCH TRACKING TO 0.1% 
TMATCH CAPACITORS TO 0.1% 


5kHz TO 50KHz RANGE 
DISTORTION < 0.1% 
AMPLITUDE = 18Vp-P. 


OUTPUT 


1000pF 
LT POLYSTYRENE 


10k 


3.5k 


LY We 
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PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


H Package 
Metal Can 
0.355 —0.370 
{9.017 —9.398) 
DIA 
0.305 — 0.335 
{7.747 — 8.509) 
0.040 DIA 
(1.016) I 
max G20 0.165—-0.185 
hs MAX (4.191 = 4.699) 
SEATING 
ATI ——_F } AeANE .0.500--0.750 
9.019 0,045 0 1 2 See 
(0.254 —1,143) ore | a 0.016 —0.021 
(0.406 — 0.533) 
45°TYP 4 Z 
0.027~9.094 AN 
(0.686 —0.864) ° 
0.420—0.160 
(3.048 — 4,064) More 
INSULATING 
Tjmax Oa % 
150°C | 150°C/W | 45°C/W 
N8 Package 
8 Lead Plastic 
cae 0.370—0.400 
So 9.400 — 10.1 
(0.508) ‘ i 0.005, aa 
MIN (0.127) pas. 
eet Li) 
0.155—0.175 
(8.937 —4.445) 
(3.937— , q 
7 0.115—0.145 ‘ 
ee ai 
i . ae J : 
0.008 — 0.015 
¥ 107621526) (0.203—0.381) 
; TYP 
0.290—0.310 
(7.366— 7.874) 
a°-15° 


*LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tmax Ga 
100°C | 130°C/W 
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FEATURES 
= Guaranteed Offset Voltage 50zV Max. 
® Guaranteed Bias Current 
25°C 120pA Max. 
—55°C to 125°C 700pA Max. 
a Guaranteed Drift 1.5uV/°C Max. 
# Low Noise, 0.1Hz to 10Hz 0.5nVp-p 
= Guaranteed Supply Current 600pA Max. 
= Guaranteed CMRR 112dB Min. 
m Guaranteed PSRR 112dB Min. 


@ Guaranteed Voltage Gain with 5mA Load Current 
a Guaranteed Matching Characteristics 


APPLICATIONS 


® Strain Gauge Signal Conditioner 

® Dual Limit Precision Threshold Detection 

= Charge Integrators 

= Wide Dynamic Range Logarithmic Amplifiers 
® Light Meters 

= Low Frequency Active Filters 

@ Standard Cell Buffers 

= Thermocouple Amplifiers 


LT1024 


Dual, Matched 
Picoampere, Microvolt Input, 
Low Noise Op Amp 


DESCRIPTION 


The T1024 dual, matched internally compensated uni- 
versal precision operational amplifier can be used in prac- 
tically all precision applications requiring multiple op 
amps. The LT1024 combines picoampere bias currents 
(which are maintained over the full —55°C to 125°C 
temperature range), microvolt offset voltage (and low 
drift with time and temperature), low voltage and current 
noise, and low power dissipation. Extremely high com- 
mon-mode and power supply rejection ratios, practically 
immeasurable warm-up drift, and the ability to deliver 
5mA load current with a voltage gain of a million round out 
the LT1024’s superb precision specifications. 


Tight matching is guaranteed on offset voltage, non- 
inverting bias currents and common-mode and power 
supply rejections. 


The all-around excellence of the LT1024 eliminates the 
necessity of the time-consuming error analysis procedure 
of precision system design in many dual applications; the 
LT1024 can be stocked as the universal dual op amp in 
the 14-pin DIP configuration. 


For a single op amp with similar specifications, see the 
LT1012 data sheet; for a single supply dual precision op 
amp in the 8-pin configuration, see the LT1013 data 
sheet. 


———— 


Two Op Amp Instrumentation Amplifier 


RS R4 
2.2Kt 100k 


INPUTS 
+ 


Ra [,,1 (82, R38) , R2+R3 TYPICAL PERFORMANCE: 
GAN=F4 445 (Bey ts) + ~10 

R3 | 2 (Ri Fa) R5 OFFSET VOLTAGE = 20.V 
BIAS CURRENT = + 309A 


OFFSET CURRENT = 30pA 


“TRIM FOR COMMON-MODE REJECTION 
TTRIM FOR GAIN 


Input Bias Current vs 
Temperature 


+ 
UNDERCANCELL! 


OVERCANCELLED UNIT 


INPUT BIAS CURRENT (pA) 


50 
-50 ~—25 75 100 125 


0 25 (50 
TEMPERATURE (°C) 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage... ............0 00 eee ee. + 20V 
Differential Input Current (Note1).......... +10mA 
input Voltage ................. 20 eee eee +20V 
Output Short Circuit Duration............. Indefinite 
Operating Temperature Range 

LT1024AM/LT1024M ......... —55°C to 125°C 

LT1024AC/LT1024C .............. 0°C to 70°C 
Storage Temperature Range 

AllDevices ................0. —65°C to 150°C 
Lead Temperature (Soldering, 10sec.)........ 300°C 


PACKAGE/ORDER INFORMATION 


TOP VIEW 


ORDER PART 
NUMBER 


LT1024AMD 


LT1024MD 
VAPNHERMETIC. «14 PINPLASTIC LT1024ACN 
(SIDEBRAZED) LT1024CN 


NOTE: DEVICE MAY BE OPERATED EVEN IF INSERTION 
1S REVERSED; THIS IS DUE TO INHERENT SYMMETRY OF 
PIN LOCATIONS OF AMPLIFIERS A AND B (NOTE 2). 


ELECTRICAL CHARACTERISTICS Vs = + 15V, Vem =OV, Ta=25°C unless otherwise noted 


Individual Amplifiers 


ee bo ee LTVO24AM/LTI024AC | LT1024M/LT1024C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX 
1550 2100 wv 
Long Term Input Offset Voltage Stabilit ‘ uV/month 
Input Offset Current 20 100 25 
lp Input Bias Current +25 +120 +30 +200 pA 
en Input Noise Voltage 0.1Hz to 10Hz 0.5 | 0.5 uVp-p 
ey Input Noise Voltage Density fo = 10Hz (Note 3) 7 33 17 33 7 nV/VHz 
fy = 1000Hz (Note 3) 14 24 14 24 nV/Viz 
in Input Noise Current Density fo=10Hz 20 20 fA/VHz 
Avo. Large Signal Voltage Gain Vout = + 12V, Ry = 10k2 250 2000 180 2000 V/mV 
Vour= #10V,R.>=2k2 | 150 1000 100 = 1000 V/mvV 
CMRR Common-Mode Rejection Ratio Vom = + 13.5V 112 132 108 132 dB 
PSRR Power Supply Rejection Ratio Vg= +2V to + 20V 112 132 108 132 | dB 
Input Voltage Range £135 414.0 13.5 414.0 V 
Vout Output Voltage Swing { Ry=10ka {#13 +14 #13 414 V 
Slew Rate 0.1 0.2 0.1 0.2 V/us 
Ig | Supply Current per Amplifier = 380 600 380 700 BA 
Matching Specifications 
LT1024AM/LT1024AC LT1024M/LT1024C 
PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX UNITS 
Input Offset Voltage Match = 20 75 - 25 150 WV 
Average Non-Inverting Bias ii — +30 +150 — 240 +250 | pA 
Current 
Non-inverting Offset Current = 30 150 ie 30 300 pA 
Common Mode Rejection Ratio Vom = + 13.5V 110 132 - 106 132 = dB 
Match 
Power Supply Rejection Ratio Vs = + 2V to 20V + 110 132 _ 106 132 = 4 dB 
Match _4 4 
Channel Separation f= 10Hz (Note 3) | 134 150 _ 134 150 _ dB 
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ELECTRICAL CHARACTERISTICS 


Vs = 4: 15V, Vom =OV, 0°C <Ta< 70°C for the LT1024AC and LT1024C; 
—55°C <Tq< 125°C for the LT1024AM and LT1024M unless otherwise noted 


Individual Amplifiers 
LT1024AM /LT1024AC L¥1024M /LT1024C 
PARAMETER CONDITIONS MIN. TYP MAX | MIN TYP = MAX 
0°C to 70°C 30 120 35 200 


Input Offset Voltage 
~55°C to 126°C 40 200 50 300 
1.5 


SYMBOL 


Average Temperature Coetficient of 
Input Offset Voltage 


Input Offset Current 


40 250 
80 350 


0.5 2.5 


0°C to 70°C 
— 55°C to 125°C 


Average Temperature Coetticient of 
Input Offset Current 


Input Bias Current 


0°C to 70°C +40 +4250 


— 55°C to 125°C 4100 +700 
Average Temperature Coefficient of a°C to 70°C 0.4 3 
Input Bias Current — 55°C to 125°C 1 6 
Avo. T Large Signal Voltage Gain Vour= + 12V, Ry = 10kQ 150 1000 
a Vout= +10V, Ry, = 2kQ 100 600 
CMRR Common-Mode Rejection Ratio Vom = + 13.5V 128 
PSRR Power Supply Rejection Ratio Vo= +2.5V to + 18V 
Input Voltage Range 
Vout Output Voltage Swing Ry =10kQ 


Ig [ Supply Current 


Matching Specifications 


LT1024AM/LT1024AC LT1024M/LT1024C 

SYMBOL | PARAMETER CONDITIONS MIN =6TYP) = =6—MAX MIN TYP MAX UNITS 
input Offset Voltage Match 0°C to 70°C 35 170 45 300 wN 
55°C to 125°C - 50 280 _ 70 500 pV 
f Input Offset Voltage Tracking - 0.3 2.0 = 0.4 3.5 uV/°C 
Ig Average Non-Inverting Bias Current 0°C to 70°C +40 +300 +50 +500 pA 
~ 55°C to 125°C ~ +100 +4800 = +200 +1400 pA 
los* iF Non-Inverting Offset Current 0°C to 70°C = 40 300 _ 50 500 pa 
— 55°C to 125°C - 80 800 - 150 1500 pA 
AGMRR Common-Mode Rejection Ratio Match | Voy= + 13.5V 106 128 - 104 128 - dB 
APSRR ile Power Supply Rejection Ratio Match Vg= + 2.5V to + 18V 128 _ 104 128 ~ dB 

The @ denotes the specifications which apply over the full operating Optional Offset Nulling Circuit 

temperature range. y+ 


Note 1: Differential input voltages greater than 1V will cause excessive 
current to flow through the input protection diodes unless limiting 
resistance is used. 

Note 2: The V+ supply terminals are completely independent and may 
be powered by separate supplies if desired (this approach, however, 
would sacrifice the advantages of the power supply rejection ratio 
matching). The V~ supply terminals are both connected to the common 
substrate and must be tied to the same voltage. Both V~ pins should be 
used. 

Note 3; This parameter is tested on a sample basis only. 


INPUT OFFSET VOLTAGE CAN BE ADJUSTED 
OVER A £800, RANGE WITH A 5k TO 
400k POTENTIOMETER. 
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INPUT OFFSET VOLTAGE (pV) 


CHANGE IN. OFFSET VOLTAGE (nV) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Offset Voltage vs Source 
Resistance (Balanced or 
Unbalanced) 


1 
1k 3k = 10k =30k 100k 300k 1M 3M 10M 


SOURGE RESISTANCE (0) 


Warm-Up Dritt 


Vg= + 15V 


Ta=25°C 
Vg 2V TO + 20V 


NOISE VOLTAGE 400nV/ DIVISION 


VOLTAGE NOISE DENSITY (nV//Az) 


input Offset Current vs 
Temperature 
= 
= 
w 
= 
3 
Gi 
2 
& 
2 
= 
-50 -25 O 25 50 75 100 125 
TEMPERATURE (°C) 
Offset Voltage Drift and 
Tracking with Temperature of 
Representative Units 
60 
4 
% 2 
w 
g 
s 
a 
fe-2 
o 
4 INDIVIOUAL AMPLIFIERS. 
TRACKING (MATCH DRIFT) 
—60 
-50 ~25 0 26 50 75 100-125 
TEMPERATURE (°C) 
Noise Spectrum 
= 
z 
g 
8 
2 
2 
Ff 
cc 
Fe 


IINPUT BIAS CURRENT (pA) 


SUPPLY CURRENT (uA) 


TOTAL NOISE DENSITY (n¥/VHz) 


Input Bias Current Over 
Common-Mode Range 
Vg= + 15V 


Ta= 25°C Peas 
DEVICE WITH POSITIVE INPUT CURRENT 


8 


= 
oS 


De) 
i) 


2 


y 
is} 
°o 


“15 -10 —§ 0 5 10 15 


COMMON-MODE INPUT VOLTAGE (V) 


Supply Current vs Supply 
Voltage per Amplifier 
$00 


400 


300 


0 +5 


+10 #15 
SUPPLY VOLTAGE (V) 


+20 


Total Noise vs Source 
Resistance 


Ta=25°C 
Vg= +210 +20V 


vl 


OR 


NU 


“402 103 104 10810810? 108 
SOURCE RESISTANCE (0) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Common-Mode Rejection and Power Supply Rejection vs Channel Separation vs 
CMRR Match vs Frequency Frequency Frequency 
140 140 160 
@ 120 B 120 150 
2 MATCH = @ 140 
‘= 100 CMRR (aCMAR} & 199 = 
z Fe S 130 
5 % 5 5 
ww 5 30 = 120 
wo oo im 
= 6 = 77) 
ww ra] w 110 
oO & 60 =z 
= > 2 
= 40 ca = 100 
z 7 15V & - 
= s= = 40 
B 2% Lee = 90 
0 Le L ct 20 80 
1 10 100 1k 10k = =6100k «61M 0.1 1 10 100 1k 10k 100k 1M 400 1k 10k 100k 
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 
Voltage Gain vs Load 
Voltage Gain vs Frequency Gain, Phase Shift vs Frequency Resistance 
140 40 100 
Ta=25°C 
Vg + 15V A 
120 Ta= 25°C Vg= + 15V 
‘60 30 120 
a | PHASE | 
= 8 ++ S Zz i 
w 60 + + Zz i 3 aiememsmmpemntemntmnimtet 
5 
Sw Fol wes 
> PHASE MARGIN < 
20 =70° = 
0 (4 —{ 180 
0 r 
-20 -10 200 
0.01-0.1 1 10 100 1k 10k 100k 1M 10M 0.01 4 10 1 2 § 10 20 
FREQUENCY (Hz) FREQUENCY (MHz) LOAD RESISTANCE (kQ) 
Small Signal Transient Small Signa! Transient Large Signal Transient 
Response Response Response 
é S 2 
a a 2 
= = g 
S S a 
E E 2 
Ay= +1, CLoan= 100pF, Spsec/ DIV Ay=+1, Cygap= 1000pF, Susec/DIV Ay= +1, 20usec/DIV 
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APPLICATIONS INFORMATION 


The LT1024 may be inserted directly into OP-10, OP-207 
or OP227 sockets with or without removal of external null- 
ing components. 


The LT1024 is specified over a wide range of power supply 
voltages from +: 2V to + 18V. Operation with lower sup- 
plies is possible down to + 1.2V (two NiCad batteries). 


Advantages of Matched Dual Op Amps 


In many applications, the performance of a system de- 
pends on the matching between two operational amplifi- 
ers rather than the individual characteristics of the two op 
amps. Two or three op amp instrumentation amplifiers, 
tracking voltage references, and low drift active filters are 
some of the circuits requiring matching between two op 
amps. 


The well-known triple op amp configuration illustrates 
these concepts. Output offset is a function of the dif- 
ference between the offsets of the two halves of. the 
LT1024. This error cancellation principle holds for a con- 
Siderable number of input-referred parameters in addition 
to offset voltage and its drift with temperature. Input bias 
current will be the average of the two non-inverting input 
currents (Ip+ ). The difference between these two cur- 


rents (log* ) is the offset current of the instrumentation 
amplifier. Common-mode and power supply rejections 
will be dependent only on the match between the two 
amplifiers (assuming perfect resistor matching). 


The concepts of common-mode and power supply rejec- 
tion ratio match (ACMRR and APSRR) are best 
demonstrated with a numerical example: 


Assume CMRRA = + 1.0nV/V or 120dB 

and CMRRg = +0.5nV/V or 1260B, 

then ACMRR=0.5zV/V or 126dB 

if CMRRg = —0.5pV/V, which is still 1260B, 
then ACMRR=1.5phV/V or 116.508. 


Typical performance of the instrumentation amplifier: 
Input offset voltage = 25zV. 

Input bias current =30pA. 

Input resistance = 10!29. 

Input offset current = 30pA. 

Input noise =0.7nVp-p. 

Power bandwidth (Vo = + 10V) = 80kHz. 

Clearly, the LT1024, by specifying and guaranteeing all of 


these matching parameters, can significantly improve the 
performance of matching dependent circuits. 


Three Op Amp instrumentation Amplifier 
+15V 


—15V 


TRIM R8 FOR GAIN. 


TRIM RQ FOR OC COMMON-MODE REJECTION. 
TRIM R10 FOR AC COMMON-MODE REJECTION. 
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APPLICATIONS INFORMATION 


Achieving Picoampere / Microvott Performance 


In order to realize the picoampere/microvolt level ac- 
curacy of the LT1024, proper care must be exercised. For 
example, leakage currents in circuitry external to the op 
amp can significantly degrade performance. High quality 
insulation should be used (e.g., Teflon, Kel-F); cleaning 
of all insulating surfaces to remove fluxes and other resi- 
dues will probably be required. Surface coating may be 
necessary to provide a moisture barrier in high humidity 
environments. 


Board leakage can be minimized by encircling the input 
circuitry with a guard ring operated at a potential close to 
that of the inputs: in inverting configurations, the guard 
ring should be tied to ground, in non-inverting connec- 
tions, to the inverting input. Guarding both sides of the 
printed circuit board is required. Bulk leakage reduction 
depends on the guard ring width. Nanoampere level leak- 
age into the offset trim terminals can affect offset voltage 
and drift with temperature. 


Microvolt level error voltages can also be generated in the 
external circuitry. Thermocouple effects caused by tem- 
perature gradients across dissimilar metals at the con- 
tacts to the input terminals can exceed the inherent drift 
of the amplifier. Air currents over device leads should be 
minimized, package leads should be short, and the two 
input leads should be as close together as possible and 
maintained at the same temperature. 

Test Circuit for Offset Voltage and its Drift with Temperature 


R1 


Vi 

6 ° 
*RESISTORS MUST HAVE LOW 
THERMOELECTRIC POTENTIAL. 
**THIS CIRCUIT IS ALSO USED AS THE BURN-IN 
CONFIGURATION FOR THE LT1024, WITH SUPPLY 
VOLTAGES INCREASED TO + 20V, R1=R3=20k, 
R2=2000, Ay=100. 
Vo = 1000Vos 


Direct Pressure Transducer to Digital Output Signal Conditioner 


620 


at 


Vin LT137A OUT 


*1% METAL FILM RESISTOR 

GATES = 74000 

TRANSDUCER =BLH # DHF-100 PSI 
PRESSURE TRANSDUCER 

0-100 PSI=0-1000 

COUNTS FULL-SCALE AT CIRCUIT OUTPUT 
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SCHEMATIC DIAGRAM Ye LT1024 


PACKAGE DESCRIPTION 


D14 Package 14-Lead Hermetic. DIP (Sidebrazed) N14 Package 14-Lead Plastic 


0.250 + 0.010 
16.350-=0.254) 


(7569) 1 
ane PIN NO 


sDENT —, 


0.450.065 | BU 


us 0.020 -0.040 ae 
aces (7.651) 
(1,143 = 1,651) Ve 


(0.508 = 1.524) 9.300 - 0.320 


0,020 
0.125. {0.509} 
13.175) MIN 0.130+.0.005 


7 
wu t (3.302 20-127) 
0,008 0.015 0.0502 0.010 0.00-9.015 
(0.200.381) 0.125 (1-270 0.254) (ara {0 229—0.381) 
(3.175) 1 +0108 
0.300 MN 0.1002 0.910 0.035-0.023 0.3% Oe 
{0381-0584} 


9.075 20.015 
(1.905 0.381) 
7.8) (R540 0.24} 5 7088) (2-540 20.254) 
REF ove 6 38 oo 381, nuatee 


100°C 100°C/W 60°C /W 
2-160 7 @ Aen 


i well amet 


0.500 40.010 
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FEATURES 


= Voltage Noise 4.1nViVHz Max. at 1KHz 
0.85nV/VHz2 Typ. at 1kHz 
1.0nV/VHz Typ. at 10Hz 
35nVp-p Typ., 0.1Hz to 10Hz 


= Voltage and Current Noise 100% Tested 


= Gain-Bandwidth Product 50MHz Min. 
= Slew Rate 11Vius Min. 
= Offset Voltage 40uV Max. 
= Voltage Gain 7 Million Min. 
= Drift with Temperature 0.8nV/°C Max. 


APPLICATIONS 


m Low Noise Frequency Synthesizers 
= High Quality Audio 
= Infrared Detectors 


= Accelerometer and 40 D 
m= 3500 ae se 
z heaotane ambi nev 
y 
eo 
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LT1028 


Ultra-Low Noise Precision 
High Speed Op Amp 


DESCRIPTION 


The LT1028 achieves a new standard of excellence 
in noise performance with 0.85nV/VHz 1kHz noise, 
1.0nViVHz 10Hz noise. This ultra low noise is combined 
with excellent high speed specifications (gain-bandwidth 
product is 75MHz), distortion free output, and true preci- 
sion parameters (0.1,V/°C drift, 10,V offset voltage, 30 
million voltage gain). Although the LT1028 input stage 
operates at nearly 1mA of collector currents to achieve 
low voltage noise, input bias current ey 25nA. 


The LT1028’s voltage geet the noise of a 500 
resistor. Ther, V ery low source impedance 
trangguic s, the LT1028’s 
e negligible. 


Flux Gate Amplifier 


OUTPUT TO 


SCHONSTEDT 
#203132 


500 


DEMODULATOR 
SYNC 


DEMODULATOR 


Voltage Noise vs Frequency 


Vg= + 15V 
Ta=25°C 


VOLTAGE NOISE DENSITY (nV/VHz) 


1 10 100 1000 


LT1028 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 
55°C 10 108°C occ ececceceeceee eee eeeeneeaes +22V 
105°C t0 125°C... ccecc eee eeeee teen eeeee teens +16V 
Differential Input Current (Note 8)................ +25mA 
Input Voltage......... cee Equal to Supply Voltage 
Output Short Circuit Duration ..............065 Indefinite 
Operating Temperature Range 
LT1028AM, M.........ccccecensea sees ~ 56°C to 125°C 
LTIOQBAC, C edecvieciaceresieiabeecsadeest 0°C to 70°C 
Storage Temperature Range 
All DeviceS.........cccsesceeeeeee reas — 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.).............. 300°C 


PACKAGE/ORDER INFORMATION 


Nas ORDER PART NUMBER 
LT1028AMH 
LT1028MH 
LT1028ACH 
LT1028CH 
(CASE) 
H8 PACKAGE T0-5 METAL CAN 
— LT1028AMU8 
LT1028MJ8 
LT1028ACJ8 
LT1028CJ8 
LT1028ACN8 
J8 PACKAGE HERMETIC OIP LT1028CN8 
N8 PACKAGE PLASTIC DIP 


ELECTRICAL CHARACTERISTICS Vg = + 15V, Ta = 25°C, unless otherwise noted. 


SYMBOL PARAMETER 


Input Offset Voltage 


CONDITIONS 


LT1028Mi/C 
TYP 


LT1028AM/AC 
TYP 


AVog Long Term Input Offset (Note 2) 0.3 03 uViMo 
ATime Voltage Stability 
los Input Offset Current T Veu=0v 17250 18100 nA 
lp Input Bias Current Vom =0V +25 +90 +30 +180 nA 
ey Input Noise Voltage 0.1H7z to 10Hz (Note 3) 35 ti) 35 90 nVp-p 
input Noise Voltage Density fy = 10Hz (Note 4) 1.0 17 1.0 1.9 nVIVHz 
fy = 1000Hz, 100% tested 085 14 09 1.2 nViWHz 
in Input Noise Current Density = 10Hz (Notes 3 and 5) 47 10.0 47 12.0 pAVHz 
{, = 1000Hz, 100% tested 1.0 1.6 1.0 1.8 pAWHz 
Input Resistance 
Common-Mode 300 300 MQ 


Differential Mode 


ates 


| 20 20 ka 


Input Capacitance § 5 pF 

Input Voltage Range 2110 +4122 +110 +122 v 

CMRR Common-Mode Rejection Vom= £ 11V 114 126 110 126 dB 
Ratio 

PSRR Power Supply Rejection Vg = + 4V to + 18V 117 133 110 132 dB 
Ratio 

Avot Large Signal Voltage Gain RL 22k0, Vo= + 12V 70 30.0 5.0 30.0 VipV 

R, 21k, Vo= + 10V 5.0 20.0 3.5 20.0 VipV 

R, 26009, V, = + 10V : 15.0 2.0 15.0 VinV 

Maximum Output Voltage R.22ka + 13.0 £120 +130 V 

Swing R, 26000 +122 | £105 £122 Vv 

SR Slew Rate Avct= -1 sa 15 11 15 Vins 

GBW Gain-Bandwidth Product {,= 20kHz (Note 6} 5 50 75 MHz 

Z Open Loop Output Impedance 80 80 2 

Ig Supply Current 7.4 95 78 10.5 mA 


one 


LT1028 


ELECTRICAL CHARACTERISTICS Vg = + 15V, -55°C<Ta< 125°C, unless otherwise noted, 


LT1028AM LT1028M 

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage (Note 1) a ee 45 ‘180 Ww 

AVos Average Input (Note 7) e 0.2 0.8 0.25 10 aie 

ATemp Offset Drift 

log Input Offset Current Vow =0V Cy ee 30-180 nA 

lg Input Bias Current | @ | +40 +150 +50 +300 nA 

Input Voltage Range £103) +117 v 

CMRR Common-Mode Rejection Vem= + 10.3¥ 2 106 122 100 120 dB 
Ratio 

PSRR Power Supply Rejection Vg = + 4.5V to + 16V e 110 130 104 130 dB 
Ratio 

Avot Large Signal Voltage Gain R, 22kQ, Vo= + 10V e 3.0 14.0 2.0 14.0 Vi 

R. 2 1kd, V >= + 10V 20 10.0 15 10.0 VipV 

Vout Maximum Output Voltage RL =2k0 @; +103 +116 +103 +116 V 
Swing 

ls Supply Current e 8.7 11.5 9.0 13.0 mA 


ELECTRICAL CHARACTERISTICS Vg = + 15V, 0°C<T,<70°C, unless otherwise noted. 


LT1028AC LT1028C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vos Input Offset Voltage (Note 1) | @ | 


Average Input 
Offset Drift 


Input Offset Current 
Input Bias Current 


Input Voltage Range 
Common-Mode Rejection 
Ratio 


Power Supply Rejection 
Ratio 


Vom = +10.5V 


Vg = + 4.5V to + 18V 


Large Signal Voltage Gain 


Maximum Output Voltage 
Swing 


@ 

| @ | +30 +120 +40 +240 nA 
@! +105 #105 +120 Vv 
° 106 124 dB 


+10V e 5.0 
R, 2 1k0, Vo = + 10V 4.0 
RL =2ko e 


Supply Current 


The @ denotes the specifications which 
perature range. 


apply over the full operating tem- 


Note 1: Input Offset Voltage measurements are performed by automatic 


R, = 6000 (Note 9) +95 


test equipment approximately 0.5 sec. after application of power. In addi- 
tion, at T, = 25°C, offset voltage is measured with the chip heated to ap- 
proximately 55°C to account for the chip temperature rise when the device 
is fully warmed up. 

Note 2: Long Term Input Offset Voltage Stability refers to the average trend 
line of Offset Voltage vs. Time over extended periods after the first 30 days 
of operation. Excluding the initial hour of operation, changes in Vog during 
the first 30 days are typically 2.5pV. 

Note 3: This parameter is tested on a sample basis only. 


Note 4: 10Hz noise voltage density is sample tested on every lot. Devices 
100% tested at 10Hz are available on request. 


Note 5: Current noise is defined and measured with balanced source resis- 
tors. The resultant voltage noise (after subtracting the resistor noise on an 
RMS basis) is divided by the sum of the two source resistors to obtain cur- 
rent noise. Maximum 10Hz current noise can be inferred from 100% testing 
at 1kHz. 

Note 6: Gain-bandwidth product is not tested. It is guaranteed by design 
and by inference from the slew rate measurement. 

Note 7: This parameter is not 100% tested. 

Note 8: The inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise. If differential input volt- 
age exceeds + 1.8V, the input current should be limited to 25mA. 

Note 9: This parameter guaranteed by design, fully warmed up at 

T,= 70°C. It includes chip temperature increase due to supply and load 
currents. 


LI EE 
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TYPICAL PERFORMANCE CHARACTERISTICS 


10Hz Voltage Noise Distribution 


Wideband Noise, DC to 20kHz 


Wideband Voltage Noise 
(0.1Hz to Frequency Indicated) 


Vg= +15V Ng [Ve 2 15¥ 
160 Ta=25°C Ta=25°C 
500 UNITS —t 
140 MEASURED ae 
FROM 4 RUNS <a 
2 120 wot : + 
2 2 
a 100 3 
Oo w 
oc oO 
z= 60 w 0.1 
z : i f 
40 
20 VERTICAL SCALE =0.5,V/DIV 
HORIZONTAL SCALE =0.5mns / DIV 
0 : 0.01 
0.6 08 #(10 £12 14 16 18 20 22 100 1k 10k 100k 1M 10M 
VOLTAGE NOISE DENSITY (nV/ Hz) BANDWIDTH (Hz) 
Total Noise vs Matched Source Total Noise vs Unmatched Source 
Resistance Resistance Current Noise Spectrum 
100 100 
Rs 
ww 
is z 6 
z RS & | (MAXIMUM 
= = 10 = 10 
z E g 1/4 CORNER = 800Hz 
wn 
2 @1kHz fray kHz - 
a fern fe onh 2 @10kz ent % — |rypicat HY 
a NOISE ONLY Q Rg NOISE ONLY = 
S . 210 1 
2 = > 
z = £ z 1/4 CORNER = 250H2 —4 
2 2 s rv 
Vg= + 15V a 
Tas 25°C 
4 01 | alt A 01 
1 3 10 30 100 300 tk 3k 10k 1 3. 10 30 100 300 ik Sk 10k 19 100 1K 10k 
MATCHED SOURCE RESISTANCE, Rg, (2) UNMATCHED SOURCE RESISTANCE, Rg, (2) FREQUENCY (Hz) 
0.1Hz to 10Hz Voltage Noise 0.01Hz to 1Hz Voltage Noise Voltage Noise vs Temperature 
Vg= + 15V Vg= + 15V 
Ta= 25°C g 
= 
= 1.6 
= 
wn 
gl? AT 10Hz 
3 
2 08 
re a AT 1kHz 
= +. 
S 
= 0.4 
= 
(<4 + 
0 
0 2 4 6 8 10 0 20 40 60 80 100 —50 -25 0 25 50 75 100) «125 
TIME (SECONDS) TIME (SECONDS) TEMPERATURE (°C) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Distribution of input Offset Voltage 


UNITS (%) 


—50-40-30-20-10 0 10 20 30 40 50 
OFFSET VOLTAGE (nV) 


Warm-Up Drift 


CHANGE iN OFFSET VOLTAGE (2V) 


DUAL-IN-LINE PACKAGE 
PLASTIC (N) OR CERDIP (J) 


1 2 3 4 
TIME AFTER POWER ON (MINUTES) 


Voltage Noise vs Supply Voltage 


RMS VOLTAGE NOISE DENSITY (nV/VHz) 


#15 
SUPPLY VOLTAGE (V) 


INPUT BIAS AND OFFSET CURRENTS (nA) OFFSET VOLTAGE (pV) 


SUPPLY CURRENT (mA) 


Offset Voltage Drift with Temperature 
of Representative Units 


-25 0 2% 50 7 
TEMPERATURE (°C) 


Input Bias and Offset Currents 
Over Temperature 


-§0 -25 0 2 50 7 100 126 
TEMPERATURE (°C) 

Supply Current vs Temperature 
0 

es aD Ke 
“le I = 
a a BD a ce 
(== Esl 
i ae | | | 
ee a ee 
: ies ee 
rT 
: a 
0 


0 2 50 
TEMPERATURE (°C) 


Long Term Stability of Five 
Representative Units 


OFFSET VOLTAGE CHANGE (xV) 


3 4 5 
TIME (MONTHS) 


Bias Current Over the Common-Mode 
Range 


V. 


g= £ 15V 
Ta=28°C 
POSITIVE INPUT CURRENT 


25 
Van 
(UNDERCANCELLED) DEVICE 
dl neal 


= i = 300MO_ 


INPUT BIAS CURRENT (nA) 


NEGATIVE INPUT CURRENT 
{OVERCANCELLED) DEVICE 


“215 -10 -5 OF 5 0 15 
COMMON-MODE INPUT VOLTAGE (V) 


Output Short Circuit Current vs Time 


SOURCING 


HORT CIRCUIT CURRENT (mA) 


LT WAR 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Gain Error vs Frequency 
Voltage Gain vs Frequency Gain, Phase vs Frequency Closed Loop Gain = 1000 
160 70 70 
Vg= + 15V 
140 Tam 25°C 6 PHASE 
RL =2k 3 a0 
120 50 50 z 
ao a 
s 100 r TT = 40 40 o = 
2 80 + 3 Ba 
<= i=) 
a ty 30 tH i ves 
g 6 2 GAIN a 
5 3 20 0B F 
2 a a a ° 
20 10 LVg= + 15V 102 
Ty= 26°C 
0 O-C,=1opF +4 WN 9 
—20 —10 ~10 
0.01 0.1 1 +0 100 1k 10k 100k 1M 10M 100M 10k 100k 1M 10M 100M 
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz} 
Voltage Gain vs Supply Voltage Voltage Gain vs Load Resistance Capacitance Load Handling 
100 100 80 
Vg= + 15V 
70 
ae Ta=25°C 60 
S 2 a es 
= > Ta= —55°C = 0 
: : ee) SL ST 
% 10 S 10 2400 EH 7 
3 3 g CAP VM 
Es & 3 30 Ay= —10 | 
5 s ILMax=35mA AT — 55°C 5 y Mill 
> =27mA AT 25°C 20 
= 16mA AT 125'G 
gg NB 
: . 0 PH 
0 +6 +10 #15 + 20 0.1 1 10 10 100 1000 10,000 
SUPPLY VOLTAGE (V) LOAD RESISTANCE (kQ) CAPACITIVE LOAD, Cy, (pF) 
Common-Mode Limit Over Common-Mode Rejection Ratio Power Supply Rejection Ratio 
Temperature vs Frequency vs Frequency 
yt 
4 s aay 
272 2 = 
2 
ee Z : 
Ze & S 
a g -4 5 5 Ni 
ao a B69 POSITIVE 
So Fd | supply N 
25 +4 fa] > 
22 g & 60 r 
Z2h+3 z B 
84 Ss az 40 
= +2 Ss = 
+1 3 = 20 
VO 0 
-§0 ~25 0 25 50 7 100 125 10 100 1k 10k 100k iM 10M o1 1 10 100 1k 10k 100k 1M 10M 
TEMPERATURE (°C) FREQUENCY (Hz) FREQUENCY (Hz) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Large Signal Transient Response 


5V/DIVISION 


1ys/DIVISION 
Ay=—1, Rg=Ry=2k, Cy= 30pF 


Total Harmonic Distortion vs 
Frequency and Load Resistance 


TOTAL HARMONIC DISTORTION (%) 
PEAK-TO-PEAK OUTPUT VOLTAGE (V) 


FREQUENCY (kHz) 


Slew Rate, Gain-Bandwidth-Product 
vs Over-Compensation vce 


ie 


SLEW RATE (V/s) 


“4 10 100 i000 
OVER-COMPENSATION CAPACITOR (pF) 


Total Harmonic Distortion vs Closed 
Loop Gain 


Small Signal Transient Response 


20mV/DIVISION 


TOTAL HARMONIC DISTORTION (%) 


MEASURED | i 
EXTRAPOLATED ll 


0.2ys/DIVISION 
Ay= —1, Rg=Ry=2k0 
Cy=30pF, C, = 80pF 49 100 1000 10,000 
CLOSED LOOP GAIN 


Maximum Undistorted Output 
vs Frequency 


A 
ET Aull 
CUT NU 


IN 
HEN 


10k 100k 10M 10 100 1k 10k 
FREQUENCY ‘ne FREQUENCY (Hz) 


Closed Loop Output Impedance 


30 


25 


20 


15 


10 


OUTPUT IMPEDANCE (2) 


100k 1M 


Slew Rate, Gain-Bandwidth Product 
Over Temperature 
10,000 


1000 


94) LONdOUd HICINGNYE-NVS 


2H402 LW NIVD 
SLEW RATE (V/us) 


(ZHI) “(ZHAOZ 


10 3 
10,000 —-50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 
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APPLICATIONS INFORMATION 
—fNOise 


Voltage Noise vs Current Noise 


The LT1028’s less than 1nV/VHz voltage noise is three 
times better than the lowest voltage noise heretofore 
available (on the LT1007/1037). A necessary condition for 
such low voltage noise is operating the input transistors 
at nearly 1mA of collector currents, because voltage noise 
is inversely proportional to the square root of the collector 
current. Current noise, however, is directly proportional to 
the square root of the collector current. Consequently, the 
LT1028’s current noise is significantly higher than on most 
monolithic op amps. 


Therefore, to realize truly low noise performance it is im- 
portant to understand the interaction between voltage 
noise (6p), current noise (in) and resistor noise (Fp). 


Total Noise vs Source Resistance 
The total input referred noise of an op amp is given by 
@t=[@n2 + tn2 + (inReg)2]"/2 


where Reg is the total equivalent source resistance at the 
two inputs 


and t)=V4kTReg=0.13VReq_ in nViVHz at 25°C 


As a numerical example, consider the total noise at 1kHz 
of the gain 1000 amplifier shown below. 


1002 100k 


Reg = 1000 + 10001 100k ~ 2000 
fn = 0.13V200 = 1.84nViVHz 
jas 


SANE 
pus ae + 1.8424 (1.0.x 0.2)2]"?2 = 2.04nViVHz 
output noise = 1000 = 2.04.ViVHz 


At very low source resistance (Req <400) voltage noise 
dominates. As Req is increased resistor noise becomes 
the largest term—~as in the example above—and the 
LT1028's voltage noise becomes negligible. As Reg is fur- 
ther increased, current noise becomes important. At 1kHz, 
when Reg is in excess of 20k0, the current noise compo- 
nent is larger than the resistor noise. The total noise ver- 
sus matched source resistance plot illustrates the above 
calculations. 


The plot also shows that current noise is more dominant 
at low frequencies, such as 10Hz. This is because resistor 
noise is flat with frequency, while the 1/f corner of current 
noise is typically at 250Hz. At 10Hz when Reg >1kQ, the 
current noise term will exceed the resistor noise. 


When the source resistance is unmatched, the total noise 
versus unmatched source resistance plot should be con- 
sulted. Note that total noise is lower at source resistances 
below 1k0 because the resistor noise contribution is less. 
When Rs> 1k0 total noise is not improved, however. This 
is because bias current cancellation is used to reduce in- 
put bias current. The cancellation circuitry injects two 
correlated current noise componenis into the two inputs. 
With matched source resistors the injected current noise 
creates a common-mode voltage noise and gets rejected 
by the amplifier. With source resistance in one input only, 
the cancellation noise is added to the amplifier’s inherent 
noise. 


In summary, the LT1028 is the optimum amplifier for noise 
performance—provided that the source resistance is kept 
low. The following table depicts which op amp manufac- 
tured by Linear Technology should be used to minimize 
noise—as the source resistance is increased beyond the 
L11028’s level of usefulness. 


Best Op Amp for Lowest Total Noise 
vs Source Resistance 


SOURCE RESISTANCE 
(Note 1) 


Oto 4002 


BESTO 
AT LOW FREQ (1 oH) 


T1028 
aetna 
LT100 
trot? 
LT1012 or LT1055 
LT1055 


Note 1: Source resistance is defined as matched or unmatched, e.g., 
Rg = 1k@ means: 1k0 at each input, or 1k@ at one input and zero at the other. 


AVIDEBAND (1kHz) 
tee 


crore 


triot2 
LT1055 
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APPLICATIONS INFORMATION 
— NOISE 


Noise Testing—Voltage Noise 


The LT1028’s RMS voltage noise density can be accurately 
measured using the Quan Tech Noise Analyzer, Model 
5173 or an equivalent noise tester. Care should be taken, 
however, to subtract the noise of the source resistor used. 
Prefabricated test cards for the Model 5173 set the device 
under test in a closed loop gain of 31 with a 600 source 
resistor and a 1.8kQ feedback resistor. The noise of 
this resistor combination is 0.13V58=1.0nV/VHz. An 
LT1028 with 0.85nV/VHz noise will read (0.852 + 1.02)1/2= 
1.31nVivHz. For better resolution, the resistors should be 
replaced with a 100 source and 3000 feedback resistor. 
Even a 100 resistor will show an apparent noise which is 
8-10% too high. 


The 0.1Hz to 10Hz peak-to-peak noise of the LT1028 is 
measured in the test circuit shown. The frequency re- 
sponse of this noise tester indicates that the 0.1Hz corner 
is defined by only one zero. The test time to measure 0.1Hz 
to 10Hz noise should not exceed 10 seconds, as this time 
limit acts as an additional zero to eliminate noise con- 
tributions from the frequency band below 0.1Hz. 


0.1Hz to 10Hz Noise Test Circuit 


0.14F 


VOLTAGE GAIN 
10,000 
*DEVICE UNDER TEST 


NOTE: ALL CAPACITOR VALUES ARE FOR 
NON-POLARIZED CAPACITORS ONLY. es 


Measuring the typical 35nV peak-to-peak noise perform- 
ance of the LT1028 requires special test precautions: 


(a) The device should be warmed up for at least five min- 
utes. As the op amp warms up, its offset voltage 
changes typically 10:V due to its chip temperature in- 
creasing 30°C to 40°C from the moment the power 
supplies are turned on. In the 10 second measurement 
interval these temperature-induced effects can easily 
exceed tens of nanovolts. 


(b) For similar reasons, the device must be well shielded 
from air currents to eliminate the possibility of thermo- 
electric effects in excess of a few nanovolts, which 
would invalidate the measurements. 


(c) Sudden motion in the vicinity of the device can also 
“feedthrough” to increase the observed noise. 


A noise-voltage density test is recommended when meas- 
uring noise on a large number of units. A 10Hz noise-volt- 
age density measurement will correlate well with a 0.1Hz 
to 10Hz peak-to-peak noise reading since both results are 
determined by the white noise and the location of the 1f 
corner frequency. 


0.1Hz to 10Hz p-p Noise 
Tester Frequency Response 


Bn 


oo EH, aaa II 


GAIN (dB) 


0.01 0.1 1.0 10 100 
FREQUENCY (Hz) 
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APPLICATIONS INFORMATION 
— NOISE 


Noise Testing—Current Noise 


Current noise density (in) is defined by the following 
formula, and can be measured in the circuit shown: 

ns (eno? — (31 x 18.4nVIVHzZ)2]112 

ee 20k x31 


if the Quan Tech Model 5173 is used, the noise reading is 
input-referred, therefore the result should not be divided 
by 31; the resistor noise should not be multiplied by 31. 


100% Noise Testing 


The 1kHz voltage and current noise is 100% tested on the 
LT1028 as part of automated testing; the approximate fre- 
quency response of the filters is shown. The limits on the 
automated testing are established by extensive correla- 
tion tests on units measured with the Quan Tech Model 
5173. 


10Hz voltage noise density is sample tested on every lot. 
Devices 100% tested at 10Hz are available on request for 
an additional charge. 


10Hz current noise is not tested on every lot but it can be 
inferred from 100% testing at 1kHz. A look at the current 
noise spectrum plot will substantiate this statement. The 
only way 10Hz current noise can exceed the guaranteed 
limits is if its 1/f corner is higher than 800Hz and/or its 
white noise is high. If that is the case then the 1kHz test 
will fail. 


Automated Tester Noise Filter 


NOISE FILTER LOSS (dB) 


tk 
FREQUENCY (H2) 


APPLICATIONS INFORMATION 


General 


The LT1028 series devices may be inserted directly into 
OP-07, OP-27, OP-37, LT1007 and LT1037 sockets with or 
without removal of external nulling components. In addi- 
tion, the LT1028 may be fitted to 5534 sockets with the re- 
moval of external compensation components. 


Offset Voltage Adjustment 


The input offset voltage of the LT1028 and its drift with 
temperature, are permanently trimmed at wafer testing to 
a low level. However, if further adjustment of Vos is neces- 
sary, the use of a 1k nulling potentiometer will not degrade 
drift with temperature. Trimming to a value other than zero 
creates a drift of (Vog/300) pV/°C, €.9., if Vos is adjusted to 
300zV, the change in drift will be 1hV/°C. 


INPUT OUTPUT 


—15V 


The adjustment range with a 1k pot is approximately 
+1.1mv. 


Offset Voltage and Drift 


Thermocouple effects, caused by temperature gradients 
across dissimilar metals at the contacts to the input 
terminals, can exceed the inherent drift of the amplifier 
unless proper care is exercised. Air currents should be 
minimized, package leads should be short, the two input 
leads should be close together and maintained at the 
same temperature. 
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APPLICATIONS INFORMATION 


The circuit shown to measure offset voltage is also used 
as the burn-in configuration for the LT1028. 


Test Circuit for Offset Voltage 
and Offset Voltage Drift with Temperature 


10k* 


Vo 


—15V 
Vo=100V og 

*RESISTORS MUST HAVE LOW 

= THERMOELECTRIC POTENTIAL 


Frequency Response 


The LT1028’s Gain, Phase vs Frequency plot indicates that 
the device is stable in closed loop gains greater than +2 
or — 1 because phase margin is about 50° at an open loop 
gain of 6dB. In the voltage follower configuration phase 
margin seems inadequate. This is indeed true when the 
output is shorted to the inverting input and the non-invert- 
ing input is driven from a 500 source impedance. However, 
when feedback is through a parallel R-C network (provided 
C+<68pF), the LT1028 will be stable because of interaction 
between the input resistance and capacitance and the 
feedback network. Larger source resistance at the non-in- 
verting input has a similar effect. The following voltage 
follower configurations are stable: 


3apF 


Another configuration which requires unity gain stability 
is shown below. When Ct is large enough to effectively 
short the output to the input at 15MHz, oscillations can oc- 
cur. The insertion of Rso>5000 will prevent the LT1028 
from oscillating. When Rs125000, the additional noise 
contribution due to the presence of Reo will be minimal. 
When Rs < 1000, Rep is not necessary, because Req repre- 
sents a heavy load on the output through the C; short. 
When 1000<Re;<5000, Rg2 should match Rg. For exam- 
ple, Rg = Rg2 = 3000 will be stable. The noise increase due 
to Rsg is 40%. 


If Cf is only used to cut noise bandwidth, a similar effect 
can be achieved using the over-compensation terminal. 


The Gain, Phase plot also shows that phase margin is 
about 45° at a gain of 10 (20dB). The following configura- 
tion has a high (~70%) overshoot without the 10pF 
capacitor because of additional phaseshift caused by the 
feedback resistor—input capacitance pole. The presence 
of the 10pF capacitor cancels this pole and reduces over- 
shoot to5%. 10pF 


Over-Compensation 


The LT1028 is equipped with a frequency over-compensa- 
tion terminal (pin 5). A capacitor connected between pin 5 
and the output will reduce noise bandwidth. Details are 
shown on the Slew Rate, Gain-Bandwidth Product vs 
Over-Compensation Capacitor plot. An additional benefit 
is increased capacitive load handling capability. 
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TYPICAL APPLICATIONS 


Paralleling Amplifiers to Reduce Voltage Noise Low Noise Voltage Regulator 


28v 10 


2.3k 
PROVIDES PRE-REG 
AND CURRENT 
LIMITING 


L11021-10 


OUTPUT 2N6387 


20V OUTPUT 


1. ASSUME VOLTAGE NOISE OF LT1028 AND 7.50 SOURCE RESISTOR =0.90V/-fiz. 
2. GAIN WITH n LT1028's IN PARALLEL =n x 200. 
3. OUTPUT NOISE = Vin x 200 x 0.9nV/ Viiz. 
4, INPUT REFERRED NOISE = OUTPUT NOISE. 0.9 ny/ Jz. 
nx 200 Va 


5. NOISE CURRENT AT INPUT INCREASES Vin TIMES. 
6. IF n=5, GAIN = 1000, BANDWIDTH = 1MHz, RMS NOISE, DC TO 1MHz, = 2 =0.9v. 


Strain Gauge Signal Conditioner with Bridge Excitation 


REFERENCE 
QUT 


Ov TO i0V 
OUTPUT 


30.1k* 


49.99* 


*RNGOC FILM RESISTORS 


THE LT1028's NOISE CONTRIBUTION IS NEGLIGIBLE COMPARED TO THE BRIDGE NOISE. 
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TYPICAL APPLICATIONS 


Phono Preamplifier Tape Head Amplifier 


| 109 wen OF 


10k 


OUTPUT 


OUTPUT 


TAPE HEAD 
INPUT 


ALL RESISTORS METAL FILM 


= MAG PHONO ALL RESISTORS METAL FILM 
INPUT 


Low Noise, Wide Bandwidth instrumentation Amplifier 


—INPUT 


+ INPUT 10k 


GAIN = 1000, BANDWIDTH = 1MHz 
INPUT REFERRED NOISE = 1.5nV/VHz AT 1kHz = 
WIDEBAND NOISE—DC TO 1MH2=3yVRMS 

IF BW LIMITED TO DC TO 100kHz=0.55zVRMS 


Gyro Pick-Off Amplifier 


GYRO TYPICAL— 
NORTHRUP CORP. 
GR-G5AH7-.5B 


SINE ORIVE 


GUTPUT TO SYNC. 
OEMODULATOR 


1k 
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TYPICAL APPLICATIONS 


Super Low Distortion Variable Sine Wave Oscillator Chopper Stabilized Amplifier 


Ri 
C1 C2 15V 
0.047 500 oi 0.047 
| 1 
rz ee fe ee we ee ed 


2002 


AVRMS OUTPUT 
4.5kKHz— 15kHz 
outs 
("= sake) 
WHERE R1Ct =R262 


15V 
LT1004-1.2V 
MOUNT 1N4148’s 
IN CLOSE 
PROXIMITY 
QUTPUT 
TRIM FOR 10k 
% 20k LOWEST 
DISTORTION. 
10k 
<0,0018% DISTORTION AND NOISE, 102 
= MEASUREMENT LIMITED BY RESOLUTION OF = 
HP339A DISTORTION ANALYZER 5 
Low Noise Infrared Detector 
BV 
102 
100uF 
SYNCHRONOUS 
100 uF DEMODULATOR 

a aC 

erica: 

™ CHOPPER 
re WHEEL 


Ra 
RADIATION 


1/4 L101043 


Osa Lici043 


PICK-OFF OC OUT 


INFRA RED ASSOCIATES, INC. 
HgCdTe IR DETECTOR 
138@77°K 
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SCHEMATIC DIAGRAM 
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PACKAGE DESCRIPTIONS imensions i 


(7378.13) 


0,008 ~0,018 


(0.203—0.460) Boise 


foe — 2.3852 0.025 
(9.779 40.635) 


(7.620 8.128) 


0,000 —0.015 
(0.229-0.381} 


0.027 - 0.045 


% ane 
0.027-0.08 AN 


0.110-0.160 
(2.794—4,064} 
INSULATING 
STANDOFF 
NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN 
THE REFERENCE PLANE AND SEATING PLANE. 


inches (millimeters) unless otherwise noted. 


J Package 
8-Lead Ceramic DIP 


0.005, 
(0.127) f- 
HIN 0.405 
0.200 ti0.267) 


0.015~0.060 
(0.381 — 1.524) 


+ 


0.220 -0.310 


0.0 a 
.055 
(0.360=0.660) oe fan be 
MIN “~ 
0.038 — 0.068 0.100 + 0.010 
651-727) (25a 20.754) eran 
Tmax 
165°C 
N Package 
8-Lead Plastic DIP 
0.400 
(10.160) 
0.045 ~0.085 0.130 + 0.006 MAK 
(1.143-1.651) 
0.065, 
(1651) 
a 0.250 0.010 
f (6.350 20.254) 
(3.175) 
0.045 0.015 mm 
(1.143 4 0.381) 
0.1004 0.010 0.018 0.003 
(2.540 + 0.254) {0.457 + 0.076) e168 
Tmax 4 
115°C 130°C 
H Package 
8-Lead T0-5 Metal Can 
0.335-0.370 
{6.500 —9.298) 
DIA 
0,305 ~ 0.336 
cei atl | 
0.040 
(1.270) 0.165—0.185 
+ ‘io a 1914-695} 
‘SEATING, ue 
GAUGE 
pune FI 0.500.750 
0.010-0.045 fl iH HH a (12.70—18.05}, 
D.010— 0.045, hi Bas, oy 
Bai) —o} Le 2.916-0.021 
{0.406 — 0.533) 
TYP 
wares 
Tmax 
175°C 
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FEATURES 


= Voltage Noise 1.2nViVHz Max. at 1kHz 
0.9nViVHz Typ. at 1kHz 
1.0nViVHz Typ. at 10Hz 
35nVp-p Typ., 0.1Hz to 10Hz 


® Voltage and Current Noise 100% Tested 


@ Gain-Bandwidth Product 50MHz Min. 
® Slew Rate 11Vius Min. 
= Offset Voltage 80yV Max. 
= Voltage Gain 5 Million Min. 
® Drift with Temperature 1pVI°C Max. 


APPLICATIONS 


= Low Noise Frequency en 
® High Quality Audio 


# Magnetic Search Cg HH ‘| 
= Hydrophone Ang 


€: 
9 THEY 
= Infrared Detectors D 
peed eet zyist 


LT1028CS 


Ultra-Low Noise Precision 
High Speed Op Amp 


DESCRIPTION 


The 111028 achieves a new standard of excellence 
in noise performance with O.9nViVHz 1kHz noise, 
1.0nViVHz 10Hz noise. This ultra low noise is combined 
with excellent high speed specifications (gain-bandwidth 
product is 75MHz), distortion free output, and true preci- 
sion parameters (0.2nV/°C drift, 20pV offset voltage, 30 
million voltage gain). Although the LT1028 input stage 


operates at nearly 1mA of collector gurrents to achieve 
low voltage noise, input bias me 30nA. 
The LT1028’s vy ess than the noise of a 500 
iol! zgoM en in oe impedance 
au KS ions, the LT1028's 
er ‘oe ise will be negligible. 


pth 


Flux Gate Amplifier 


QUTPUT TO 


OEMODULATOR 
SYNC 


ODEMODULATOR 


Voltage Noise vs Frequency 


VOLTAGE NOISE DENSITY (nV/vHz} 


6.1 1 10 100 1000 


LT1028CS 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage... 6... eee ceeeecee eee sseeeeeeues +22V eae 
Differential Input Current (Note 4)..............0. +25mA = ORDER PART NUMBER 
Input Voltage... Equal to Supply Voltage : No 
Output Short Circuit Duration .....0....0000. indefinite No LT10286S 
Operating Temperature Range............... 0°C to 70°C ae 
Storage Temperature Range ae 
All Devic@S.........0s see eseeeeeen ~ 85°C to 150°C i 
Lead Temperature (Soldering, 10seC.).............. 300°C : ama 
io] Nc 
$16 PACKAGE LT1028CS 
PLASTIC SOL 


ELECTRICAL CHARACTERISTICS Vg = + 15V, Ta = 25°C, unless otherwise noted. 


i YT LT1028CS 

SYMBOL PARAMETER | _ CONDITIONS | MIN TYP MAX UNITS 
Vos L Input Offset Voltage L (Note 1) [ 20 80 | aV 
AVos Long Term Input Offset Voltage (Note 2) 0.3 pViMo 

ATime Stability | [ 
los [Input Offset Current | Vou=0v [ 18 100 nA 
fg Input Bias Current Vom = 0V +30 + 180 nA 
en Input Noise Voltage 0.1Hz to 10Hz (Note 3) [ 36 90 | oVp-p 
Input Noise Voltage Density | fy = 10Hz (Note 3) 1.0 1.9 nViVHz 
f,= 1000Hz, 100% tested 09 1.2 nviNHz 
in Input Noise Current Density fy = 10Hz (Notes 3 and 5) 47 12.0 paAvHz 
}__ fo=1000Hz, 100% tested =| 1.0 18 L__pANHz 

Input Resistance 

Common-Mode 300 MQ 
Differential Mode L 20 | ko 
_{___Input Capacitance zl 5 pF 
Input Voltage Range [eto #122 ia v 
CMRR a Common-Mode Rejection Ratio Vom= + 11V 110 126 dB 
PSRR Power Supply Rejection Ratio Vg= +4V to + 18V 110 132 dB 
Avot Large Signal Voltage Gain R, 22k0, Vo= + 12V 5.0 30.0 Vin 
R, 2 1k0, Vo= + 10V 3.5 20.0 VinV 
R, 26000, V,= + 10V 2.0 15.0 VibV 
Vor Maximum Output Voltage Swing | Ri >2k0 T +120 2130 v 
a LR. 26000 { #105 £122 L Vv 
SR Slew Rate Avo. = ~1 11 15 | Vius 
GBW Gain-Bandwidth Product ie fg = 20kHz (Note 6) ae 50 75 MHz 
Zo Open Loop Output Impedance cs Vy =0, 1 =0 80 Q 
Is _|___ Supply Current 76 10.5 mA 
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ELECTRICAL CHARACTERISTICS Vs = + 15V,0°C<T,<70°C, unless otherwise noted. 


7 LT1028CS | 


SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Vos input Offset Voltage (Note 1) e 30 125 uN 
Average Input Offset Drift {Note 7) e 0.2 1.0 pVIPG 


Input Offset Current | Vu=ov sd | 
Input Bias Current | Vyzov 


Input Voltage Range 


+12.0 


CMRR Common-Mode Rejection Ratio Vou = + 10.5V 106 124 dB 
PSRR Power Supply Rejection Ratio Vs= +4.5V to + 18V 107 132 dB 
Avot Large Signal Voltage Gain RL 22k0, Vo= + 10V 3.0 25.0 Vin 
Ry > 1k0, Vo= + 10V 25 18.0 =| Vi 
Vour Maximum Output Voltage Swing Ri 22k0 £115 +127 ms Vv 
ls Supply Current 8.2 11.5 mA 
The @ denotes the specifications which apply over the full operating tem- Note 4: The inputs are protected by back-to-back diodes. Current limiting 
perature range. resistors are not used in order to achieve low noise. If differential input volt- 
Note 1; Input Offset Voltage measurements are performed by automatic age exceeds + 1.8V, the input current should be limited to 25mA. 
test equipment approximately 0.5 sec. after application of power. In addi- Note 5: Current noise is defined and measured with balanced source resis- 
tion, at T, = 25°C, offset voltage is measured with the chip heated to ap- tors. The resultant voltage noise (after subtracting the resistor noise on an 
proximately 55°C to account for the chip temperature rise when the device RMS basis) is divided by the sum of the two source resistors to obtain cur- 
is fully warmed up. rent noise. Maximum 10Hz current noise can be inferred from 100% testing 


Note 2: Long Term Input Offset Voltage Stability refers to the average trend at 1kHz. 

line of Offset Voltage vs. Time over extended periods after the first 30 days Note 6: Gain-bandwidth product is not tested. {t is guaranteed by design 
of operation. Excluding the initial hour of operation, changes in Vog during and by inference from the slew rate measurement. 

the first 30 days are typically 2.5,V. Note 7: This parameter is not 100% tested. 

Note 3: This parameter is tested on a sample basis only. 
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TECHNOLOGY 


FEATURES 


= No External Components Required 

® Noise Tested and Guaranteed 

= Low Aliasing Errors 

= Maximum Offset Voltage 5:V 

= Maximum Offset Voltage Drift 0.5,V/°C 
m Low Noise 1.6:Vp-p (0.1Hz to 10Hz) 

= Minimum Voltage Gain, 130dB 

= Minimum PSRR, 125dB 

= Minimum CMRR, 120dB 

= Low Supply Current 1mA 

= Single Supply Operation 4.75V to 16V 

= Input Common Mode Range Includes Ground 
® Output Swings to Ground 

= Typical Overload Recovery Time 3ms 


APPLICATIONS 


® Thermocouple Amplifiers 

= Electronic Scales 

= Medical Instrumentation 

# Strain Gauge Amplifiers 

® High Resolution Data Acquisition 
= DC Accurate R, C Active Filters 


LTC1050 


Precision Chopper Stabilized 
Operational Amplifier With 
Internal Capacitors 


DESCRIPTION 


The LTC1050 is a high performance, low cost chopper sta- 
bilized operational amplifier. The unique achievement of 
the LTC1050 is that it integrates on chip the two sample- 
and-hold capacitors usually required externally by other 
chopper amplifiers, Further, the LTC1050 offers better 
combined overall DC and AC performance than is avail- 
able from other chopper stabilized amplifiers with or with- 
out internal sample/hold capacitors 


The LTC1050 has an offset voltage of O.5pV, drift of 
0.01nVI°C, DC to 10Hz, input noise voltage of 1.62Vp.p and 
a typical voltage gain of 160dB. The slew rate of 4V/us and 
a gain bandwidth product of 2.5MHz are achieved with 
only 1mA of supply current. 


Overload recovery times from positive and negative 
saturation conditions are 1.5ms and 3ms respectively, 
which represents an improvement of about 100 times over 
chopper amplifiers using external capacitors. Pin 5 is an 
optional external clock input, useful for synchronization 
purposes. 


The LTC 1050 is available in standard 8-pin metal can, plas- 
tic and ceramic dual in line packages as well as an 8-pin 
$08 package. The LTC1050 can be an improved plug in re- 
placement for most standard op amps. 


TYPICAL APPLICATION 


High Performance Low Cost Instrumentation Amplifier 


/2.1661043 


ome | 


Tojo ib 


DIFFERENTIAL 
{NPUT 


d & 
% 


CMRA > 120¢B at DC 
CMRR > 12008 at 6OHZ 
QUAL SUPPLY OR SINGLE SY 
GAIN=1+R2/R1 


Vos = 5p 
COMMON MODE INPUT VOLTAGE 
EQUALS THE SUPPLIES 


Noise Spectrum 


VOLTAGE NOISE DENSITY (n¥/VHz) 


(A 


| 
LUT 1 


2-181 


LTC1050 


ABSOLUTE MAXIMUM RATINGS 


(Note 1) Operating Temperature Range 

mC -55°C to 125°C 
Total Supply Voltage (V+ toV—) ....... cece 18V LTCIOSO ACIC .0.... ccc cecceeeeeseen es - 40°C to 85°C 
Input Voltage ...........000. (V+ +0.3V)to(V- -0.3V) Storage Temperature Range............. - 65°C to 150°C 
Output Short Circuit Duration.................. Indefinite — Lead Temperature (Soldering, 10sec.) ............. 300°C 
a 


PACKAGE/ORDER INFORMATION 


Kee ORDER PART NUMBER : TOP view ORDER PART NUMBER 
ey LTC1050AMH 
m sa LTC1050MH 
Aa O wer LTC1050ACH sii 
lO LTC1050CH 


LTC1050AMU8 


TOP VIEW 


wt on LTC1050MJ8 

-w ve LTC1050ACJ8 LTG1050ACN 

ao 5 a 0 LTC1050CU8 LTC10500N 
LTC1050ACN8 


J PACKAGE: N PACKAGE 
8 LEAD CERAMIC DIP 8 LEAD PLASTIC OIF 


NN PACKAGE 
14 LEAD PLASTIC DIP 


LTC1050CN8 


ELECTRICAL CHARACTERISTICS 


Vg= + 5V, Ty = operating temperature range unless otherwise specified. 


y LTC1050AM LTC1050AC 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Ty = 25°C (Note 3} +05 +5 A +05 +5 wV 
Average Input Offset Drift +0.01 +0,05 +001 +0.05 pVi°C 
Long Term Offset Voltage Drift 50 50 nViVMo 
input Offset Current T= 25°C (Note 5) +20 +60 | +20. +60 pA 
e + 150 | +150 to pA 
Input Bias Current Ty = 25°C (Note 5) +10 +30 +10 +30 pA 
e +800 | 2100 | pA 
input Noise Voltage a 0.1Hz to 10Hz (Note 6) 1.6 21 1.6 24 uVpp 
DC to 1Hz | 06 06 Vp-p 
Input Noise Current f= 10Hz (Note 4) 22 2.2 if fANHZ. 
Common Mode Rejection Ratio VomaV— to +2.7V, Ty = 25°C 120 140 420 140 dB 
120 120 dB 
Power Supply Rejection Ratio Vg= +2.375V to +8V 125 140 125 140 [ dB 
Large Signal Voltage Gain Ri = 10k0, Voyr= +4V 160 dB 
Maximum Output Voltage Swing Ri = 10k0 247 £485 SoM 
Ri = 100k0 {. +495 V 
Slew Rate Ry = 10k0, C, = 50pF 4 4 Vins 
Gain Bandwidth Product 25 2.5 MHz 
Supply Current No Load, T, = 25°C 15 4 15 mA 
23 23 mA 
Internal Sampling Frequency L 25 \ kHz 
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ELECTRICAL CHARACTERISTICS 


Vs = + 5V, Ty = operating temperature range unless otherwise specified. 


+ 


LTC1050M LTC1050C 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Ty = 25°C (Note 3) C +05 +5 Ag +05 +5 
Average Input Offset Drift (Note 3) @| 20.01 +005 | +#0.01 +0.05 
Long Term Offset Voltage Drift 
Input Offset Current T, = 25°C (Note 5) pA 
pA 
—}—— 
Input Bias Current Ty = 25°C (Note 5} +10 ©=+50 +10 pA 
_ ol + 1000 { +150 pA 
Input Noise Voltage Rg = 1000, 0.1Hz to 10Hz (Note 6) 16 1.6 Wop 
|_Rg= 1008, DC to 1Hz 06 0.6 pp 
input Noise Current [f= 10Hz (Note 4) [ 22 | 2.2 fANHZ 
Common Mode Rejection Ratio Voy=V—- to +2.7V, Ty = 25°C | | 114 130 114130 dB 
4] [@| 110 1140 dB 
Power Supply Rejection Ratio Vg = +2.375V to +8V }@)} 120 140 | 120 140 dB 
Large Signal Voltage Gain Ry = 10k0, Voyr= + 4V | e 120-160 120 160 ‘7 dB 
Maximum Qutput Voltage Swing | Ry =10K0 @| #47 +485 V 447 £4.85 an V 
R, = 100k 44,95 +495 V 
Siew Rate | R= 10k0, C, = 50pF {| 4 4 | Vis 
Gain Bandwidth Product i, | 25 i 2.5 L MHz 
Supply Current No Load, Ta = 25°C 1 1.5 1 15 mA 
e 23 2.3 mA 
+ + + 
Internal Sampling Frequency | 25 25 kHz 


The @ denotes the specifications which apply over the full operating tem- 


perature range. 


Note 1: Absolute Maximum ratings are those values beyond which life of 


the device may be impaired. 


Note 2: Connecting any terminal to voltages greater than V + or less than 
V— may cause destructive latch-up. it is recommended that no sources 
operating from external supplies be applied prior to power-up of the 


LTC1050. 


Note 3: These parameters are guaranteed by design. Thermocouple effects 
preclude measurement of these voltage Jevels in high speed automatic test 
systems. Vgg is measured to a limit determined by test equipment capability. 
Note 4: Current Noise is calculated from the formula: In = V(2q * 1b) where 
q=16x 10-1? Coulomb. 

Note 5: AtT,<0°C these parameters are guaranteed by design and not 
tested. 

Note 6: Every lot of LTC1050AM and LTC1050AC is 100% tested for Broad- 
band Noise @ 1kHz and sample tested for Input Noise Voltage @ 0.1Hz to 
10Hz. 


TEST CIRCUITS 


Electrical Characteristics Test Circuit 


DC-10Hz Noise Test Circuit 


475k 


TOX-Y 


0.1 pF RECORDER 


Do 


0.4 pF 


FOR 1Hz NOISE BW INCREASE ALL THE CAPACITORS BY A FACTOR OF 10. 


7 Ee 
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LTC1050 
TYPICAL PERFORMANCE CHARACTERISTICS 


Offset Voltage vs Sampling 10HZp.p Noise vs Sampling Common-Mode Input Range vs 
Frequency Frequency Supply Voltage 


OFFSET VOLTAGE (pV) 


10Hz PEAK-TO-PEAK NOISE (nV) 
a 
COMMON-MODE RANGE (V) 


1 


0 8 
2 2.5 3 3.5 4 45 100 10k Q 41 £2 43 +4 +5 46 27 28 
SAMPLING FREQUENCY, fs (kHz) SAMPLING FREQUENCY, fs (Hz) SUPPLY VOLTAGE (V) 
Sampling Frequency vs Supply Sampling Frequency vs 
Voltage Temperature Overload Recovery 


al aa 0.5ms 


ov— 


Sv = 


SAMPLING FREQUENCY, fg (kHz) 
SAMPLING FREQUENCY, fg (kHz) 


Ay=—100 Vg=25V 


0 
4 6 8 10 12 14 16 -50 -2 0 2 S50 75 100 125 
TOTAL SUPPLY VOLTAGE, V+ TO V- (V) AMBIENT TEMPERATURE, Ta (°C) 
Output Short Circuit Current vs 
Supply Current vs Supply Voltage Supply Current vs Temperature Supply Voltage 
1.5 6 
= 
E 
1.25 ean 54 
rs = 
w 1 ae 2 
ee oc 
S 3 
a) e 
& 75 2 0 
3 3 
= .50 =~10 
2 z 
o 
25 te —20 
oO 
_ 
wn 
0 0 -H 
4 6 8 10 12 14 16 -50 -25 0 2 50 75 100 125 4 6 8 10 12 14 16 
TOTAL SUPPLY VOLTAGE, V+ TO V- (Vv) AMBIENT TEMPERATURE, Ta (°C) TOTAL SUPPLY VOLTAGE, V+ TO V— (V) 
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| TYPICAL PERFORMANCE CHARACTERISTICS 


Gain/Phase vs Frequency Small Signal Transient Response Large Signal Transient Response 


120 
Vent £5V, ite 25°C 
TITS | 
80 PNY ae } 100 = Your) + 
ani SU cal Ey 
UN SN ay a 
Sn nt 
Z 0 bh IN 180 8 Ay=+1 Ry=10k2 C.=100pF Vs= =5V Ay=+1 Ry=10k2 C_=100pF Vg= +5V 
2 TIA on 
ee TAT MD 
400 fok 100k = 1M 10M 


FREQUENCY (Hz) 


LTC1050 DC to 1Hz Noise 


Lf jt SeSeeeen 
SP rSRreseenesie ness LY 


‘ ne 


10 SEC 


LTC1050 DC to 10Hz Noise 


j—1 sec—>| 
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APPLICATIONS INFORMATION 
ACHIEVING PICOAMPERE/MICROVOLT PERFORMANCE 


Picoamperes 


In order to realize the picoampere level of accuracy of the 
LTC1050, proper care must be exercised. Leakage currents 
in circuitry external to the amplifier can significantly de- 
grade performance. High quality insulation should be 
used (€.g., Teflon, Kel-F}; cleaning of all insulating sur- 
faces to remove fluxes and other residues will probably be 
necessary — particularly for high temperature perfor- 
mance. Surface coating may be necessary to provide a 
moisture barrier in high humidity environments. 


Board leakage can be minimized by encircling the input 
connections with a guard ring operated at a potential 
close to that of the inputs: in inverting configurations the 
guard ring should be tied to ground; in non-inverting con- 
nections to the inverting input (see Figure 1). Guarding 
both sides of the printed circuit board is required. Bulk 
leakage reduction depends on the guard ring width. 


ey, 


OPTIONAL EXTERNAL 2 
crock @ 5 


OUTPUT 


GUARD 
Figure 1. 


Microvolts 


Thermocouple effects must be considered if the LTC 1050's 
ultra low drift is to be fully utilized. Any connection of 
dissimilar metals forms a thermoelectric junction produc- 
ing an electric potential which varies with temperature 
(Seebeck effect). As temperature sensors, thermocouples 
exploit this phenomenon to produce useful information. In 
low drift amplifier circuits the effect is a primary source of 
error. 


Connectors, switches, relay contacts, sockets, resistors, 
solder, and even copper wire are all candidates for thermal 
EMF generation. Junctions of copper wire from different 
manufacturers can generate thermal EMFs of 200nV/°C — 
4 times the maximum drift specification of the LTC1050. 
The copper/kovar junction, formed when wire or printed 
Circuit traces contact a package lead, has a thermal EMF 
of approximately 35,V/°C — 700 times the maximum drift 
specification of the LTC1050. 


Minimizing thermal EMF-induced errors is possible if 
judicious attention is given to circuit board layout and 
component selection. It is good practice to minimize the 
number of juctions in the amplifier's input signal path. 
Avoid connectors, sockets, switches and relays where 
possible. In instances where this is not possible, attempt 
to balance the number and type of junctions so that dif- 
ferential cancellation occurs. Doing this may involve de- 
liberately introducing junctions to offset unavoidable 
junctions. 


Figure 2 is an example ot the introduction of an unneces- 
sary resistor to promote differential thermal balance. 
Maintaining compensating junctions in close physical 
proximity will keep them at the same temperature and re- 
duce thermal EMF errors. 


NOMINALLY UNNECESSARY 
RESISTOR USED TO 
THERMALLY BALANCE OTHER 
INPUT RESISTOR 


LEAD WIRE/ SOLDER / COPPER 
TRACE JUNCTION 


ae 


Lr61080 > ouTUT 


RESISTOR LEAD, SOLDER, 
COPPER TRACE JUNCTION 
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APPLICATIONS INFORMATION 


When connectors, switches, relays and/or sockets are 
necessary they should be selected for low thermal EMF 
activity. The same techniques of thermally balancing and 
coupling the matching junctions are effective in reducing 
the thermal EMF errors of these components. 


Resistors are another source of thermal EMF errors. Table 
1 shows the thermal EMF generated for different resistors. 
The temperature gradient across the resistor is important, 
not the ambient temperature. There are two junctions 
formed at each end of the resistor and if these junctions 
are at the same temperature, their thermal EMFs will can- 
cel each other. The termal EMF numbers are approximate 
and vary with resistor value. High values give higher ther- 
mal EMF. 


Table 1. Resistor Thermal EMF 


Resistor Type Thermal EMFI°C Gradient 
Tin Oxide ~mvicC 
Carbon Composition ~ 450nV/0C 
Metal Film ~20,VI°C 
Wire Wound 
Evenohm ~2pVPPC 
Manganin ~2yVi°C 


PACKAGE-INDUCED OFFSET VOLTAGE 


Package-induced thermal EMF effects are another im- 
portant source of errors. It arises at the copper/kovar junc: 
tions formed when wire or printed circuit traces contact a 
package lead. Like all the previously mentioned thermal 
EMF effects, it is outside the LTC 1050's offset nulling loop 
and cannot be cancelled. Metal can H packages exhibit 
the worst warm-up drift. The input offset voltage specifica- 
tion of the LTC 1050 is actually set by the package-induced 
warm-up drift rather than by the circuit itself. The thermal 
time constant ranges from 0.5 to 3 minutes, depending on 
package type. ; 


OPTIONAL EXTERNAL CLOCK 


An external clock is not required for the LTC 1050 to oper- 
ate. The internal clock circuit of the LTC 1050 sets the nom- 
inal sampling frequency at around 2.5kHz. This frequency 
is chosen such that it is high enough to remove the am- 


plifier 1/f noise, yet still low enough to allow internal cir- 
cuits to settle. The oscillator of the internal clock circuit 
has a frequency 4 times the sampling frequency and its 
output is brought out to pin'’s through a 2k@ resistor. When 
the LTC1050 operates without using an external clock, pin 
5 should be left floating and capacitive loading on this pin 
shoud be avoided. If the oscillator signal on pin 5 is used 
to drive other external circuits, a buffer with low input 
capacitance is required to minimize loading on this pin. 
Figure 3 illustrates the internal sampling frequency versus 
capacitive loading at pin 5. 


SAMPLING FREQUENCY fg, (kHz) 


CAPACITANCE are (pF) 


Figure 3. Sampling Frequency vs 
Capacitance Loading at Pin 5 


When an external clock is used, it is directly applied to 
pin 5. The internal oscillator signal on pin 5 has very low 
drive capability and can be over-driven by any external 
signal. When the LTC1050 operates on +5V power sup- 
plies, the external clock level is TTL compatible. 


Using an external clock can affect performance of the 
LTC1050. Effects of external clock frequency on input off- 
set voltage and input noise voltage are shown in the sec- 
tion of typical performance characteristics. The sampling 
frequency is the external clock frequency divided by 4, In- 
put bias currents at temperatures below 100°C are dom- 
inated by the charge injection of input switches and they 
are basically proportional to the sampling frequency. At 
higher temperatures, input bias currents are mainly due to 
leakage currents of the input protection devices and are 
insensitive to the sampling frequency. 


One 
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APPLICATIONS INFORMATION 


LOW SUPPLY OPERATION 


The minimum supply for proper operation of the LTC 1050 
is typically below 4.0V (+2.0V). In single supply applica- 
tions, PSRR is guaranteed down to 4.7V (+ 2.35V) to en- 
Sure proper operation down to the minimum TTL specified 
voltage of 4.75V. 


PIN COMPATIBILITY 


The LTC1050 is pin compatible with the 8-pin versions of 
7650, 7652 and other chopper-stabilized amplifiers. The 
7650 and 7652 require the use of two external capacitors 


connected to pin 1 and 8 which are not needed for the 
LTC1050. Pin 1 and pin 8 of the LTC1050 are not connected 
internally while pin 5 is an optional external clock input 
pin. The LTC1050 can be a direct plug in for the 7650 and 
7652 even if the two capacitors are left on the circuit 
board. 


In applications operating from below + 16V total power 
supply, (+8V), the LTC1050 can replace many industry- 
Standard operational amplifiers such as the 741, LM101, 
LM108, OP07, etc. For devices like the 741 and LM101, the 
removal of any connection to pin 5 is all that is needed. 


TYPICAL APPLICATIONS 


Strain Gauge Signal Conditioner with Bridge Excitation 


1202 2.5V 


OUTPUT 
(+2.5V) 


Ra 
0.1% 


“OPTIONAL REFERENCE OUT TO MONITORING 10 BIT A/D CONVERTER 
ow “*AT GAIN = 1000, 10Hz PEAK-TO-PEAK NOISE IS <1/2 LSB FOR 10 
BIT RESOLUTION 


Single Supply Thermocouple Amplifier 


1k 


1% 1008 


LT1025A 


GND R- 


[ow 
TYPEK ais 


0°C ~ 100°C TEMPERATURE RANGE 


1% 
255k 


Vout 
10mv/°C 
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TYPICAL APPLICATIONS 


Battery Operated Temperature Monitor with 10-Bit Serial Output A/D 


Viy=9V 


10 pF 


O.1yF 


178k 
0.1% 


3.4k 
1% 


1N4148 


LTC1092 


vi 


Me Sd 
- + 
{T1025A 


AF 
TYPE J a 


0°C ~500°C TEMPERATURE RANGE 
2°C MAX ERROR 
= *THERMOCOUPLE LINEARIZATION CODE AVAILABLE FROM LTC 


Air Flow Detector 


10k vy 


111004 
-12 


5V=NO AIR FLOW 
OV =AIR FLOW 


AMBIENT 
TEMPERATURE 
STILL AIR 


AIR FLOW 
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TYPICAL APPLICATIONS 


Fast Precision Inverter + 100mA Output Drive 


10k 10k 
1% 1% 10k 


100k 
Vout 
1000pF | St00RAA 
RL 
OUTPUT Vos=5nV = 
Vog/ AT = 50nv/°C, 
GAIN = 10 


FULL POWER BANDWIDTH = 10kHz 


FULL POWER BANDWIDTH = 2MHz - 
SLEW RATE = 40V/uS 
SETTLING TIME =5S TO 0.01% (10V STEP) 
OFFSET VOLTAGE = 5pV 
OFFSET DRIFT =50nV/°C 


Ground Referred Precision Current Sources 


LT1034 a 
ees 


Osigyt <= 25mA* 


0.2 <Vours(V+)—2V Vout joey 
= _ 1.235) 
“MAXIMUM CURRENT LIMITED BY lOUT= “Rger 
POWER DISSIPATION OF 2N2222 
Reet Rser 
0<Iours25mA* 
lour= "ae (V-)+2V <Voyt s —1.8V 


*MAXIMUM CURRENT LIMITED BY 
POWER DISSIPATION OF 2N2907 


LT1034 
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TYPICAL APPLICATIONS 


Precision Voltage Controlled Current Source 
with Ground Referred Input and Output 


SV 


0-3.2V 
eN2222 


Sample-and-Hold Amplifier Ultra Precision Voltage Inverter 


1101043 


1161043 


Vout 


Vout 
SAMPLE | ” 


Vin = 


Vr 


FOR Vg= + 5V, (V—)4+1.8V <Viy<V+ 
Vour= —Vin + 20ppm 


FOR 1V <Vjy<4V, THE HOLD STEP IS <300,V. pp 
MATCHING BETWEEN C; AND C2 NOT REQUIRED 


ACQUISITION TIME IS DETERMINED BY THE SWITCH Row, 
Cy, TIME CONSTANT 
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TYPICAL APPLICATIONS 


Instrumentation Amplifier with Low Offset and Input Bias Current 


OUTPUT 


OFFSET VOLTAGE = + 10pV 

ANPUT BIAS CURRENT = 15pA 

CMRR = 100dB FOR GAIN = 100 

INPUT REFERRED NOISE =5yV9.p FOR C =O. 1uF 


= 20pVp-p FOR C=0.01 nF 


Instrumentation Amplifier with 100V Common Mode Input Voltage 


1k 


OUTPUT OFFSET <5mV 
FOR 0.1% RESISTORS, CMRR =54dB 


Single Supply Instrumentation Amplifier 


1k 


OUTPUT OFFSET <5mV 
FOR 0.1% RESISTORS, CMRR =54dB 
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TYPICAL APPLICATIONS 


Photodiode Amplifier 


15pF 


N 


HP 5082-4204 


6 Decade Log Amplifier 


MAT-01 MAT-Ot 


0.0022yF 


3k 
1% 


iavael 


out 
1% 


ERROR REFERRED TO INPUT <1% ; 

FOR INPUT CURRENT RANGE {nA ~ {mA IN IN 

*TEL LAB TYPE 081 Vour= —LOS (ak) = —L06 (i) = —L06 (vy) —2v 
TORRECTS FOR NONLINEARITIES 


DC Accurate, 10Hz, 7th Order Lowpass Bessel Filter 


R’ =196k R‘=196k 


Vin 
€2=0.047 pF 


(101062 


fouk= 2kHz 


¢ WIDEBAND NOISE 52zVans 
0.1yF © LINEAR PHASE 
aS ° Vins +6V 
= © CLOCK TO CUTOFF FREQUENCY RATIO=200:1 
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TYPICAL APPLICATIONS 


DC Accurate 10th Order Max Flat Lowpass Filter 


Vour (DC ACCURATE) 
Vin 
LTC1062 LTC1062 
SV 
f fouk 
* tcurorr =0.9 x 
© RC = 0.2244 
'curorr 
© 60dB/OCT. SLOPE 
© PASSBAND ERROR <0. {dB FOR 0 <f <0.67 furore 
© THD =0.04%, WIDEBAND NOISE = 120xV pus 
© fork 100kHz 
DC Accurate, Noninverting 2nd Order Lowpass Filter Gain of One, 10Hz 3rd Order Bessel DC Accurate Lowpass Filter 


Vout 


R3=5.9k Rp=24,3k 


Ry =47.5K 


Q=0.707, f¢=20Hz. FOR fo=10Hz, THE RESISTOR (Ry, Re) VALUES SHOULD BE DOUBLED. 


Component Values 


Ry Rp C, 
Pea [en | oF | 
10k 10k 11.8k 24.3k 


10.5k | 31.6k 187k | 34.8k 
10.2k | 51.1k 14k 46.4k 


[| 102k | 71.5 | 118k | 549k | 
| to.tk | 909k | 105k | 61.9k | 


| 0.2%6F | 
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PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


0,335 -0.370 
(8:$09—9398) 
1A 
0.305 —0.335 
7747 8.509} 
0,040 
i076) 
MAK (1.270) 


SEATING 

PLANE 
9.010 — 0.045 
(0.264—1-143) 


0. 
alle 0 ae) psa) 


0,290 ~0,320 
(7.37—8.13) 


0.008 — 0.018 


{0.203 0.460) ores 


0.385 0.025 0.914 0.026 
(9, (9.779 +. 0.635) 635) {0.360 — 0.660) 


GAUGE 


0.038 —0. a 


H Package 
8 Lead TO-5 Metal Can 


45° TYP 
0,027 — 0.034 
(0.686 — 0,864) 


0.200 — 0.230 


0.165 — 0.185 


(4197 4-699) 


t REFERENCE 
ry PLANE 
0.500 0.750 
(1270—19.05} 
¥ 
0.110—0.160 
(2.794504) 
INSULATING 
STANDOFF 


NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN 
‘THE REFERENCE PLANE AND SEATING PLANE, 


J Package 
8 Lead Ceramic DIP 


9.220 =0.310 
(5.588 - 7.874) 


M 
0,100 0.010 
(2540 0,254) 


cr) 


N Package 
8 Lead Plastic DIP 


0,300-0.320 0.130 +.0.005 
0.045 ~ 0.065 
(7.520 -8.128) = (3.302 0.127) 
i (1143 =1.651) 0.000 
e51) (0,508) 
(ey MN 
0.250 +.0.010 
(6.350.4.0.254) 


0.009 0.015 
(0.229 — 0.381) 


40,025 
0.925 vO 18 


G.045 4.055 


>| 
0.635) 
re 255 +5 tei} | 


(1.443 + 0.381) 


0.100 x 0.010 0.018 +.0.003_ 
) (0.457 40.076) 


(2540 0.254 


MIN 


018 + 0,003. 
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PACKAGE DESCRIPTION Dimensions in Inches (millimeters) unless otherwise noted. 


$8 Package 
8 Lead Plastic SOIC 


0.010-0.020 40 0.053 - 0.069 
(0.254~0.508) * (1.346 = 1.752) 


0,004—0.010 
0.008 — 0.010 =] 


0.050 
0.016~ 0,060 am 
(6.405—1.270} 0.914-0.019 es 
0385 -0.48) 


NOTES: 
1. PKG MATERIAL: PLASTIC 
2, LEAD MATERIAL: A-42, TIN PLATED 


pares, 


N Package 
14 Lead Plastic DIP 


0.045 — 0.065 8.065, 
U7] 


0.300 —0.320 


77.620 8.128) b.020 (.1a=1.65) (88 
0.125. (0.508) 
MIN 


0.009 —0.015. 0.075 + 0.015 [qe 0.018 0.003, 018 + 0.003 
(0.229 —0,381) (1,905 40,381) ef 10-457 0.076) 076) 
+0.025 
0,325 Sa =0.015 0.1002 0.010_ 
Ges £2895) 72.540 0.254) 
0.381, 14188, 


0.189-~0.197 
(4,801 — 5.004) 


7 6 


8 5 


0.228 -0.244 


0.150-0.157 
(6701=6.197) (5B10—3.988) 
1 2 3 4 
0.770 
{19.858} 
Max 
fiz] [10] 
0.25040.00 
(6:35020.254) 


2-196 


LI WR 


LTC1052/LTC7652 


) TECHNOLOGY Chopper-Stabilized Operational 


FEATURES 
= Guaranteed Max. Offset 5pV 
= Guaranteed Max. Offset Drift 0.05nV/°C 
m= Typ. Offset Drift 0.01pV/°C 
= Excellent Long Term Stability 100nV/VMonth 
= Guaranteed Max. Input Bias Current 30pA 
= Over Operating Temperature Range 
Guaranteed Min. Gain 120dB 
Guaranteed Min. CMRR 120dB 
Guaranteed Min. PSRR 120dB 
= Single Supply Operation 4.75V to 16V 


(Input Voltage Range Extends to Ground) 
= External Capacitors can be Returned to V~ with No 
Noise Degradation 


APPLICATIONS 


® Thermocouple Amplifiers 

# Strain Gauge Amplifiers 

® Low Level Signal Processing 
= Medical instrumentation 


Amplifier (CSOA™) 


DESCRIPTION 


The LTC1052 and LTC7652 are low noise Chopper- 
stabilized op amps (CSOA™) manufactured using Linear 
Technology’s enhanced LTCMOS™ silicon gate process. 
Chopper-stabilization constantly corrects offset voltage er- 
rors. Both initial offset and changes in the offset due to time, 
temperature and common-mode voltage are corrected. 
This, coupled with picoampere input currents, gives these 
amplifiers unmatched performance. 


Low frequency (1/f) noise is also improved by the chop- 
ping technique. Instead of increasing continuously at a 
3dB/octave rate, the internal chopping causes noise to 
decrease at low frequencies. 


The chopper circuitry is entirely internal and completely 
transparent to the user. Only two external capacitors are 
required to alternately sample and hold the offset correc- 
tion voltage and the amplified input signal. Control cir- 
cuitry is brought out on the 14-pin version to allow the 
sampling of the LTC1052 to be synchronized with an ex- 
ternal frequency source. 


Ultra Low Noise, Low Drift Amplifier 


INPUT 


Vos=3xV 
VogAT =50nV/°C 
NOISE =0.06,Vp-p 0.1Hz-10Hz = 


LTC 1052 Noise Spectrum 


VOLTAGE NOISE DENSITY (nV/ Hz) 


300 
FREQUENCY (Hz) 


csoa™ and trcmos™™ are trademarks of Linear Technology Corporation. 
Teflon” is a trademark of DuPont. 


LT 
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ABSOLUTE MAXIMUM RATINGS 


(Notes 1 and 2) 


Total Supply Voltage (Vt toV—)...........0.. 18V 
Input Voltage.......... (V+ +0.3V) to(V~ —0.3V) 
Output Short Circuit Duration............. Indefinite 
Operating Temperature Range 

LTC1052C/LTC7652C ........... — 40°C to 85°C 

LTC1I052M..............0005 —55°C to 125°C 
Storage Temperature Range ....... —55°C to 150°C 
Lead Temperature (Soldering, 10sec.)........ 300°C 


PACKAGE/ORDER INFORMATION 


Tor view ORDER PART | 
tar NUMBER | REPLACES 
Ks) LTC7652CH | ICL7652CTV me) 
ICL7652ITV 
ICL7650CTV-1 
ICL76501TV-1 
LTC1052CH | ICL7650CTV 
fees ICL7650ITV 
METAL CAN H PACKAGE | LTC1052MH_| ICL7650MTV 
TOP VIEW 
LTC1052CN8 | ICL7650CPA 
LTC1052CJ8 | ICL7650IA 
LTC1052MJ8 
HERMETIC DIP JB PACKAGE 
PLASTIC DIP NB PACKAGE { | 


LTC1052CJ) | ICL7652IJD 
ICL76501UD 


LTC1052CN | ICL7652CPD 
ICL7650CPD 


HERMETIC DIP J14 PACKAGE 
PLASTIC DIP N14 PACKAGE 


LTC1052MJ ail ICL7650MJD 


u 


ELECTRICAL CHARACTERISTICS 


Vs = + 5V, Ta=operating temperature range, test circuit TC1, unless otherwise specified. 
a 


LTC1052M LT€1052€ / LTC7652C 

SYMBOL PARAMETER | CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS 
Vos Input Offset Voltage Ty = 25°C (Note 3) im 40.5 +5 #05 +5 wv 
AVos/ ATemp | Average Input Offset Drift [ (Note 3) e +0.01 +0.05 +0.01 +0.05 wV/°C 
AVos/ATime | Long Term Offset Voltage Stability | ia 100 a 100 Taw Month 
log Input Offset Current Ta = 25°C +5 +30 +5 +30 pA 
4 | | e + 2000 | + 350 pA 

Ip Input Bias Current Ta = 25°C +1 + 30 +1 +30 pA 
e | + 1000 0 | +175 | pA 


Cnp-p Input Noise Voltage Rs= 1000, DC to 10Hz, TC3 1.5 1.5 uVp-p 
| Rg= 1002, DC to 1Hz, 0.5 0.5 


TC3 ; | é { uVp-p 
Input Noise Current f= 10Hz (Note 5) a5 0.6 0.6 tA/VHz 


Common-Mode Rejection Ratio 
Power Supply Rejection Ratio 


Vem=V~ to +2.7V 
Vsuppiy = + 2.375V to 


+8V 


Avot Large Signal Voltage Gain R.= 10k, Voyr= +4V @; 120 150 120 150 dB 
Vout Maximum Output Voltage Swing | RL= 10k Te +47 +£4.85 (247 £4.85 T v 
(Note 4) __| R, = 100k + 4,95 +£4.95 Vv 

SR Slew Rate Ri = 10k, C, =50pF ES 4 4 Pe Wins 
GBW Gain Bandwidth Product 1.2 1.2 MHz 
Ig Supply Current | No Load, T, = 25°C V7 2.0 1.7 2.0 ~y mA 
° 3.0 3.0 mA 

ts Internal Sampling Frequency 330 330 Hz 
Clamp On Current R, = 100k | e| 2 100. {25 100 HA 

Clamp Off Current —W<Voytr< +4V 10 100 10 100 pA 

| e 2 1 | nA 
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The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Absolute Maximum Ratings are those values beyond which the 
life of the device may be impaired. 

Note 2: Connecting any terminal to voltages greater than V* or less than 
V- may cause destructive latch-up. It is recommended that no sources 
operating from external supplies be applied prior to power-up of the 
LTC1052/LTC7652. 


LTC1052/LTC7652 


Note 3: These parameters are guaranteed by design. Thermocouple ef- 
fects preclude measurement of these voltage levels in high speed 
automatic testing. Vg is measured to a limit determined by test equip- 
ment capability. Voltages on Ceyra and Cextg, Avo., CMRR and PSRR 
are measured to insure proper operation of the nulling loop to insure 
meeting the Vog and Vog drift specifications. See Package-Induced Vg 
in applications section. 

Note 4: Output clamp not connected. 

Note 5: Current noise is calculated from the formula: i, =(2q Ip)”, 
where q= 1.6 x 10 '9 coulomb. 


TYPICAL PERFORMANCE CHARACTERISTIC 


Offset Voltage vs Sampling 10Hzp-p Noise vs Sampling Input Bias Current vs 
Frequency Frequency Temperature 
12 5 1000 
900 
10 ‘A = 
z 4 z 800 
8 B = 700 
8, = 600 
a = ra 
Zz 5 Fe 
Q > 500 
> ra | rc) 
Zz 2 2 400 
4 é LH . 
n XT 2 300 
a ae i 
ru is 
0 om 0 0 
0 500 1000 1500 2000 100 1k 10k -50 -25 0 2 50 75 100 125 
SAMPLING FREQUENCY, fg (Hz) SAMPLING FREQUENCY, fs (Hz) AMBIENT TEMPERATURE, Ta (°C) 
: Common-Mode Input Range vs Overload Recovery (Output 
Aliasing Error Supply Voltage Clamp Not Used) 
8 
= = 
—} 5 wa 
BB w 2 
eN = 3 
25 = 
Be z 
° Alt lati ints nereircarassiresywit 3 
= 
8 
trts fs fy OVERDRIVE s5oms/DIV 
REMOVED 
50Hz/DIV Ay=—100 


0 +1 42 +3 +4 +5 +6 47 +8 
SUPPLY VOLTAGE (V) 


Vagus, 


LTC1052/LTC7652 


TYPICAL PERFORMANCE CHARACTERISTICS 


Input Noise Voltage 
Vg= + 5V, TEST CIRCUIT (TC3) 
Suv 
OC TO 1 Hz 
0 
5uV 
me 
H+ 
DC TO 10Hz 
0 
sasaaeeas| 
feel ig SEC. 
2-43 
Smail Signal Transient Large Signal Transient 
Response* Response* Gain Phase vs Frequency 
120 60 
Vg= + 5V 
= = 100 Hl C,=100pF HH go 
S 2 
2 ES wo NUT 100 
S a ‘jul, w 
ah ate PHASE 
on ra 3S 6 t+ ae i 120 & 
oO = = rey 
= eS = tll GAIN = 
3 S$ S 40 i 140 te 
= 5 & = 
é 5 SS aTimall 180 
5 a > = 
aa + Lal 180 © 
Aye +4 2us/DIV Aya +1 2us/DIV -20 ran 200 
RL = 10k RL=10k 
Cy = 100pF C= 100pF —40 220 
Vg= + 5V Vg= £5V yoo 8=— 103s 404 105 = 108 = 407 
FREQUENCY (Hz) 
*RESPONSE IS NOT DEPENDENT ON PHASE OF CLOCK 
Broadband Noise, Broadband Noise, Broadband Noise Test Circuit 
‘Ceyt = 0.1F Cext = 1.0pF (TC2) 
a 2 
s 3 
a> a> 
BS 83 
5 5 
= 2 


Ay=—1000 


1ms/DIV 


Ay= — 1000 1ms/DIV 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Supply Current vs Supply Output Short Circuit Current vs 
Voltage Supply Current vs Temperature Supply Voltage 
3.0 
2 
z = e 
‘e 20 ~— fe 
. - = 
g 5 = = 
= 
z z 10 5 
a 2 2 
5 
te 
=] 
5 
0 30 
45 6 8 10 12 14 16 -50 -2 0 25 $0 75 100 125 4 5 6 8 10 12 14 16 
TOTAL SUPPLY VOLTAGE, V+ TO V~ (V) AMBIENT TEMPERATURE, Ta (°C) TOTAL SUPPLY VOLTAGE, V+ TO V— (V) 


Sampling Frequency vs Supply Sampling Frequency vs 
Voltage Temperature 
600 


s 
S 


SUPPLY VOLTAGE = 


Ba 


nn 
Ss 
t=) 


8 


SAMPLING FREQUENCY, fg (Hz) 
SAMPLING FREQUENCY, fs (Hz) 


8 


ny 
8 


cai 
Ss 
Ss 
8 


4 5 6 8 10 12 14 16 -50 ~25 0 2 50 75 100 125 
TOTAL SUPPLY VOLTAGE, V+ TO V~- (V) AMBIENT TEMPERATURE, Ta (°C) 
Comparator Operation Response Time vs Overdrive 


Ver Veer + OVERDRIVE 
INPUT 
Verer— 1mV 
+5V 
0.1F . OUTPUT 
SV 


* _5V-sVpeps2.7V 


20ms/DIV 
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TEST CIRCUITS 


Electrical Characteristics Test Circuit (TC1) 


R2 
1M 


DC to 10Hz and DC to 1Hz Noise Test Circuit (TC3) 


QUTPUT 
NOISE x 20,000) 


BANDWIDTH RI R2 R3 R4 C2 C3 o4 
10HzZ 16.22 162k 16.2k 16.2k 0.1pF 1.0.F 1.0¢F 
1Hz 16.22 162k 162k 162k 1.0.F 1.0uF 1.0uF 


THEORY OF OPERATION 
DC OPERATION 


The shaded portion of the LTC 1052 block diagram (Figure 1) 
entirely determines the amplifier’s DC characteristics. Dur- 
ing the auto-zero portion of the cycle, the inputs are shorted 
together and a feedback path is closed around the input 
stage to null its offset. Switch S2 and capacitor Cexta act as 
a sample and hold to store the nulling voltage during the 
next step—the sampling cycle. 


In the sampling cycle, the zeroed amplifier is used to 
amplify the differential input voltage. Switch S2 connects 
the amplified input voltage to Cexta and the output gain 
stage. Cexts and S2 act as a sample and hold to store the 
amplified input signal during the auto-zero cycle. By 
switching between these two states at a frequency much 
higher than the signal frequency, a continuous output 
results. 


Notice that during the auto-zero cycle the inputs are not 
only shorted together, but are also shorted to the negative 
input. This forces nulling with the common-mode voltage 
present and accounts for the extremely high CMRR of the 
LTC1052. In the same fashion, variations in power sup- 
ply are aiso nulled. For nulling to take place, the offset 
voltage, common-mode voltage and power supply must 
not change at a frequency which is high compared to the 
frequency response of the nulling loop. 


AC OPERATION AND ALIASING ERRORS 


So far, the DC performance of the LTC1052 has been ex- 
plained. As the input signal frequency increases, the 
problem of aliasing must be addressed. Aliasing is the 
spurious formation of low and high frequency signals 
caused by the mixing of the input signal with the sam- 
pling frequency, fs. The frequency of the error signals, 
fe, is: 


fe =ts + fi 
where f; =input signal frequency. 


Normally it is the difference frequency (fs —f)) which is of 
concern because the high frequency (fs +f)) can be 
easily filtered. As the input frequency approaches the 
sampling frequency, the difference frequency ap- 
proaches zero and will cause DC errors—the exact prob- 
lem that the chopping amplifier is meant to eliminate. 


The solution is simple. Filter the input so the sampling loop 
never sees any frequency near the sampling frequency. 


At a frequency well below the sampling frequency, the 
LTC1052 forces l1 to equal I2 (see Figure 1B). This 
makes 6| zero, thus the gain of the sampling loop zero at 
this and higher frequencies—i.e., a low pass filter. The 
corner frequency of this low pass filter is set by the output 
stage pole (1/RL4 gms Ris C2). 
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THEORY OF OPERATION 


For frequencies above this pole, !2 is: This makes the frequency response smooth and con- 
tinuous and eliminates sampling noise in the output as 
the loop transitions from the high gain DC loop to the high 
and frequency loop. 


Ci 
14 —l2=VIN Omi —VIN Qm6 X G9- The typical curves show just how well the amplifier 


The LTC1052 is very carefully designed so that works. The output spectrum shows the difference 


m1 =Qm6 and C1 =C2. Substituting these values in the frequency (fi — fs = 100Hz) is down by 80dB and the fre- 
above equation shows |1 —l2 =0 quency response curve shows no abnormalities or per- 


turbations. Also note the well-behaved small and large 
The gme input stage, with C1 and C2, not only filters the signal step responses and the absence of the sampling 
input to the sampling loop, but also acts as a high fre- frequency in the output spectrum. If the dynamics of the 
quency path to give the LTC1052 good high frequency amplifier, i.e., slew rate and overshoot, depend on the 
response. The unity-gain cross frequencies for both the  samplingclock, the sampling frequency will appear inthe 
DC path and high frequency path are identical output spectrum. 


[13B == (gmt /C1) ="pe¢ (m6 /C2)]. 


ae, 
VreF 


12 =VIN Gm6 x 503 x SC1 


C2 


+IN 


eo 


Be ae Se 
eee SENSES OUS MEERA ES 


9m6 


+ A. Auto-Zero Cycle 


- ct 


+IN 


B. Sampling Cycle 


Figure 1. LTC1052 Block Diagram 
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APPLICATIONS INFORMATION 
EXTERNAL CAPACITORS 


Cexta and Cexts are the holding elements of a sample and 
hold circuit. The important capacitor characteristics are 
leakage current and dielectric absorption. A high quality 
film-type capacitor such as mylar or polypropylene pro- 
vides excellent performance. However, low grade capaci- 
tors such as ceramic are suitable in many applications. 


Capacitors with very high dielectric absorption (ceramic) 
can take several seconds to settle after power is first 
turned on. This settling appears as clock ripple on the 
output and, as the capacitor settles, the ripple gradually 
disappears. \f fast settling after power turn-on is impor- 
tant, mylar or polypropylene is recommended. 


Above 85°C, leakage, both from the holding capacitors 
and the printed circuit board, becomes important. To 
maintain the capabilities of the LTC1052 it may be 
necessary to use Teflon™ capacitors and Teflon standoffs 
when operating at 125°C (see Achieving Picoampere/ 
Microvolt Performance). 


Cexta and Cexte are normally in the range of 0.1pF to 
1.04F. All specifications are guaranteed with 0.1,F and 
the broadband noise (see typical photos) is only very 
Slightly degraded with 0.14F. Output clock ripple is not 
present for capacitors of 0.1nF or greater at any 
temperature. 


On competitive devices, connecting Cexta and Cexte to 
V~ causes an increase in amplifier noise. Design changes 
have eliminated this problem on the LTC1052. On the 
14-pin LTC1052 and 8-pin LTC7652, the capacitors can 
be returned to V~— or Creturn with no change in noise 
performance. 


ACHIEVING PICOAMPERE / MICROVOLT PERFORMANCE 
Picoamperes 


In order to realize the picoampere level of accuracy of the 
LTC1052, proper care must be exercised. Leakage cur- 
rents in circuitry external to the amplifier can significantly 
degrade performance. High quality insulation should be 
used (e.g., Teflon, Kel-F); cleaning of all insulating sur- 
faces to remove fluxes and other residues will probably be 


necessary—particularly for high temperature perform- 
ance. Surface coating may be necessary to provide a 
moisture barrier in high humidity environments. 


Board leakage can be minimized by encircling the input 
connections with a guard ring operated at a potential 
Close to that of the inputs: in inverting configurations the 
guard ring should be tied to ground; in non-inverting con- 
nections to the inverting input. Guarding both sides of the 
printed circuit board is required. Bulk leakage reduction 
depends on the guard ring width. 


Cexte 


yt 


QUTPUT ®— 7 
6 


OUTPUT CLAMP @ 5 


Microvolts 


Thermocouple effects must be considered if the 
LTC1052’s ultra low drift is to be fully utilized. Any con- 
nection of dissimilar metals forms a thermoelectric junc- 
tion producing an electric potential which varies with 
temperature (Seebeck effect). As temperature sensors, 
thermocouples exploit this phenomenon to produce use- 
ful information. in low drift amplifier circuits the effect is a 
primary source of error. 


Connectors, switches, relay contacts, sockets, resistors, 
solder, and even copper wire are all candidates for ther- 
mal EMF generation. Junctions of copper wire from dif- 
ferent manufacturers can generate thermal EMFs of 
200nV/°C—4 times the maximum drift specification of 
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APPLICATIONS INFORMATION 


the LTC1052. The copper/kovar junction, formed when 
wire or printed circuit traces contact a package lead, has 
a thermal EMF of approximately 35nV/°C—700 times 
the maximum drift specification of the LTC1052. 


Minimizing thermal EMF-induced errors is possible if 
judicious attention is given to circuit board layout and 
component selection. It is good practice to minimize the 
number of junctions in the amplifier’s input signal path. 
Avoid connectors, sockets, switches and relays where 
possible. in instances where this is not possible, attempt 
to balance the number and type of junctions so that differ- 
ential cancellation occurs. Doing this may involve 
deliberately introducing junctions to offset unavoidable 
junctions. 


Figure 2 is an example of the introduction of an un- 
necessary resistor to promote differential thermal 
balance. Maintaining compensating junctions in close 
physical proximity will keep them at the same tempera- 
ture and reduce thermal EMF errors. 


When connectors, switches, relays and/or sockets are 
necessary they should be selected for low thermal EMF 
activity. The same techniques of thermally balancing and 
coupling the matching junctions are effective in reducing 
the thermal EMF errors of these components. 


Resistors are another source of thermal EMF errors. Table | 
shows the thermal EMF generated for different resistors. 
The temperature gradient across the resistor is important, 


Table |. Resistor Thermal EMF 


Resistor Type 
Tin Oxide 
Carbon Composition 


Thermal EMF/°C Gradient 
~mv/°C 


Metal Film ~ 20pV/°C 
Wire Wound 
Evenohm ~ 2uV/°C 
Manganin ~ 2uV/°C 


LTC1052/LTC7652 


not the ambient temperature. There are two junctions 
formed at each end of the resistor and if these junctions are 
at the same temperature, their thermal EMFs will cancel 
each other. The thermal EMF numbers are approximate 
and vary with resistor value. High values give higher ther- 
mal EMF. 


When all of these errors are considered, it may seem im- 
possible to take advantage of the extremely low Grift 
specifications of the LTC1052. To show that this is not the 
case, examine the temperature test circuit of Figure 3. 
The lead lengths of the resistors connected to the 
amplifier’s inputs are identical. The thermal capacity and 
thermal resistance each input sees is balanced because 
of the symmetrical connection of resistors and their iden- 
tical size. Thermal EMF-induced shifts are equal in phase 
and amplitude, thus cancellation occurs. 


Figure 4 shows the response of this circuit under tempera- 
ture transient conditions. Metal film resistors and an 8-pin 
DIP socket were used. Care was taken in the construction to 
thermally balance the inputs to the amplifier. The units were 
placed in an oven and allowed to stabilize at 25°C. The 
recording was started, and after 100 seconds the oven, pre- 
set to 125°C, was switched on. The test was first performed 
on an 8-pin plastic package and then was repeated for a 
TO-5 package plugged into the same test board. It is signifi- 
cant that the change in Vos, even under these severe ther- 
mal transient conditions, is quite good. As temperature 
stabilizes, note that the steady-state change of Vos is well 
within the maximum + 0.05zV/°C drift specification. 
NOMINALLY UNNECESSARY 
RESISTOR USED TO 


THERMALLY BALANCE OTHER 
INPUT RESISTOR 


LEAD WIRE/ SOLDER/ COPPER 
TRACE JUNCTION 


OUTPUT 


RESISTOR LEAD, SOLDER, 
COPPER TRACE JUNCTION 


Figure 2 
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APPLICATIONS INFORMATION 


Very slight air currents can still affect even this arrange- 
ment. Figure 5 shows strip charts of output noise with the 
circuit covered and with no cover in ‘‘still’’ air. This data 
illustrates why it is often prudent to enclose the LTC 1052 
and its attendant components inside some form of ther- 
mal baffle. 


OFFSET VOLTAGE, Vog {102V/DIV) 


SWITCHED 
ON (25°C) 


Figure 3. Offset Drift Test Circuit 


WV 


PACKAGE-INDUCED OFFSET VOLTAGE 


Since the LTC 1052 is constantly fixing its own offset, it 
May be asked why there is any error at all, even under 
transient temperature conditions. The answer is simple. 
The LTC1052 can only fix offsets inside its own nulling 
loop. There are many thermal junctions outside this loop 
that cannot be distinguished from legitimate signals. 


SMIN 20 MIN 25 MIN 


|: 0.05nV/°C 


2O.05nN/°C 


HH 
EN 
AT 12 MIN 
100 SECONDS/IN 


Figure 4. Transient Response of Offset Drift Test Circuit with 100°C Temperature Step 


Ls el 


Figure 5. OC to 1Hz (Test Circuit TC3) 
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APPLICATIONS INFORMATION 


Some have been discussed previously, but the package 
thermal EMF effects are an important source of errors. 


Notice the difference in the thermal response curves of 
Figure 4. This can only be attributed to the package since 
everything else is identical. In fact, the Vos specification 
is set by the package-induced warm-up drift, not by the 
LTC1052. TO-99 metal cans exhibit the worst warm-up 
drift and Linear Technology sample tests TO-99 lots to 
minimize this problem. 


Two things make 100% screening costly: (1) the extreme 
precision required on the LTC1052 and (2) the thermal 
time constant of the package is 0.5 to 3 minutes, depend- 
ing on package type. The first precludes the use of auto- 
matic handling equipment and the second takes a long 
time. Bench test equipment is available to 100% test for 
warmed-up drift if offsets of less than +5pV are 
required. 


CLOCK 


The LTC1052 has an internal clock, setting the nominal 
sampling frequency at 330Hz. On 8-pin devices there is 
no way to control the clock externally. In some applica- 
tions it may be desirable to control the sampling clock and 
this is the function of the 14-pin device. 


CLK IN, CLK OUT and INT/EXT are provided to ac- 
complish this. With _no external connection, an internal 
pull-up holds INT/EXT at the V+ supply and the 14-pin 
device self-oscillates at 330Hz. In this mode there is a 
signal on the CLK IN pin of 660Hz (2 times sampling fre- 
quency) with a 30% duty cycle. A divide-by-two drives 
the CLK OUT pin and sets the sampling frequency. 


To use an external clock, connect INT/EXT to V- and the 
external clock to CLK IN. The logic threshold of CLK IN is 
2.5V below the positive supply. This allows CMOS logic to 
drive it directly with logic supplies of V* and ground. 
CLK IN can be driven from V* to V~ if desired. The duty 
cycle of the external clock is not particularly critical but 
should be kept between 30% and 60%. 


Capacitance between CLK IN and CLK OUT (pins 13 and 
12) can cause the divide-by-two circuit to malfunction. To 
avoid this, keep this capacitance below 5pF. 
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OUTPUT CLAMP 


If the TC1052 is driven into saturation, the nulling loop, 
attempting to force the differential input voltage to zero, 
will drive Cexta and Cexts to a supply rail. After the 
saturating drive is removed, the capacitors take a finite 
time to recover—this is the overload recovery time. The 
overload recovery is longest when the capacitors are 
driven to the negative rail (see Overload Recovery in 
typical performance section). The overload recovery time 
in this case is typically 225ms. In the opposite direction, 
i.e., Cexta and Cexts at positive rail, itis about ten times 
faster (25ms). The overload recovery time for the 
LTC1052 is much faster than competitive devices, butifa 
faster overload recovery time is necessary, the output 
clamp function can be used. 


When the output clamp is connected to the negative input 
it prevents the amplifier from saturating and thus keeps 
Cexta and Cextp at their nominal voltages. The output 
clamp is a switch that turns on when the output gets to 
within approximately 1V of either supply rail. This switch 
is in parallel with the amplifier’s feedback resistor and as 
the output moves closer to the rail, the switch on re- 
sistance decreases, reducing the closed loop gain. The 
output swing is reduced when the clamp function is 
used. 


How much current the output clamp leaks when off is im- 
portant because, when used, it is connected to the 
amplifier’s negative input. Any current acts like input 
bias current and will degrade accuracy. At the other ex- 
treme, the maximum current the clamp conducts when 
on determines how much overdrive the clamp will take 
and still keep the amplifier from saturating. Both of these 
numbers are guaranteed in the table of electrical 
characteristics. 


LOW SUPPLY OPERATION 


The minimum supply voltage for proper operation of the 
LTC1052 is typically 4.0V ( + 2.0V). In single supply ap- 
plications, PSRR is guaranteed down to 4.7V (4 2.35V). 
This assures proper operation down to the minimum TTL 
specified voltage of 4. 75V. 


a 
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TYPICAL APPLICATIONS 


5V Powered Ultra Precision Instrumentation Amplifier Fast Precision Inverter 


OUTPUT 


“4% METAL FILM 
FULL POWER BANDWIDTH = 2MHz 
SLEW RATE = 40V/ps 
SETTLING (10V STEP) =12ps T0 0.01% 
BIAS CURRENT DC = 30pA 
OFFSET DRIFT = SOnv/°C 
OFFSET VOLTAGE =5zV 


oe ea 
CIRCUITRY WITHIN DASHED LINES MAY BE DELETED 
iF OUTPUT DOES NOT HAVE TO SWING ALL THE WAY 
TO GROUND. 

DRIFT = 50nv/°C 

Vog=3n¥ 

Gan = 8244 


CMRR= > 1200B DC — 20kHz 
BANDWIDTH = 10Hz 


Offset Stabilized Comparator 


+ 


COMPARATOR 
INPUTS 


COMPARATOR 
OUTPUT { + 5V) 


GROUND oR © 
INPUT COMMON- 
MODE VOLTAGE 


LTC1043 


STATUS OUTPUT 
+5¥ wv 
= COMPARE 
ZERO COMMAND 
+5V=ZERO 4 
—5V= COMPARE 


—5V 
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TYPICAL APPLICATIONS 


1Hz—~ 1.25MHz Voltage-to-Frequency Converter (+ 5V Supply) 


NC 
2N3904 
OUTPUT 
4H2—~1,25MHz 
40k 
FULL-SCALE TRIM +5V 0 3.99F 
30.1k% — (1,.25MHz) + 
Vin, 10k 
ov TO 5V a 
as 
LT1004 
1.2V 0.14F 
*TRW MTR-5/ + 120ppm/°C 
**POLYSTYRENE-WESCO # 32-P/— 120ppm/°C 
0.05% LINEARITY 
> 12008 DYNAMIC RANGE [ao O13] 
0.01H2/°C = ZERO POINT DRIFT  LTC1048 = 
20ppm/°C GAIN DRIFT L {16} 
ce 
a r A 
No Vos Adjust* CMOS DAC Bufter—Single Supply Air Flow Detector 
+5 
Rep 
‘ours 
12-BIT CMOS DAC Vout 
loutz FOR HIGHER SPEED, SEE 
“FAST PRECISION INVERTER” i r4994.4.9 6. +5V=NO AIR FLOW 
: : ov=AIR FLOW 


UNDER TYPICAL APPLICATIONS. 


0.1nF 


<= AMBIENT ~ 
TEMPERATURE 
STILLAIR + 


co 


TuF 
NON-POLARIZED 


*OFFSET VOLTAGE CAUSES 
NONLINEARITY ERRORS. 
SEE: “APPLICATION GUIDE 
TO CMOS MULTIPLYING D/A 
CONVERTERS, '” 

ANALOG DEVICES, INC. 


AIR FLOW 


2-209 


LTC1052/LTC7652 


TYPICAL APPLICATIONS 1Hz— 30MHz Voltage-to-Frequency Converter 


+5V 


CURRENT 


STABILIZING SOURCE ae 
AMP ; 
. 1202 
3 zi 
= 2N3906 
2 : 
. FET BUFFER Ne 
2N5486 
d et ee] RESET DIODE 1Hz-30MHz 
0.1 uF O.1nF 2N3904 OUTPUT 
100pF 


Vo Jx ef | N)o— iit 
2k SP 


3OMHz 2 10k 2N5486 = 
+ — TRIM 5y 
Newton ; 0.22 * Ai TRIGGER 
OV-3V CHARGE HP5082-2810 
= 2k = 
+5V 

isso —5V 

100k = 

1000M 
nM v | LT1004 
1Hz TRIM 

| 1oopFt 12V 

100k J 

“aN | *TRW MTR-5/ + 120ppm/°C 
TWESCO #32-P/ —120ppm/°C 
0.3Hz/°C ZERO DRIFT 
Li}-—o re ‘f : 0.08% LINEARITY 
Fy 145 3 20ppm/°C GAIN DRIFT 

1» itc1043 (a [7 150dB DYNAMIC RANGE 
L ——_— = HOU 412 7 

+ 100mA Output Drive Increasing Output Current 

+5V 
100k ee Lage 
220pF C700 7 


INPUT 
OUTPUT 


Vos = 5pV 

Vos/ AT =50nV/°C 

GAIN =10 

FULL POWER BANDWIDTH = 1kHz 


1002 


20009F 
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TYPICAL APPLICATIONS 


Single +5V Thermocouple Amplifier with Cold Junction Compensation 


+5V 


Sar 
NON POLARIZED 


THERMOCOUPLE 
TYPE 


T YELLOW SPRINGS INST. CO. PART #44007 J 232k 
*CHOOSE Cr TO FILTER NOISE K 301k 
T ik 
$ 21M 

DC Stabilized FET Probe 

INPUT CAPACITANCE BOOTSTRAP 


FAST SOURCE 
FOLLOWER 
+5V 


+7V 
2N3904 ai 


INPUT 


T 
+ 12V@20mA | LIMIT 


—5V 
ORAIN CURRENT SINK 
10k 


Sv 2000pF 
OC STABILIZATION 


STABLE FOR ALL GAINS, INVERTING 
AND NON-INVERTING. OBSERVE 
LTC1052 COMMON-MODE INPUT LIMITS 


: BANDWIDTH: 20MHz 
I tise: 100ns 
DELAY: Sns 
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TYPICAL APPLICATIONS 
Precision Multiplexed Differential Thermocouple Amplifier 


pe ee ee +3V 
COLD JUNCTION 
COMPENSATOR 


Vout = 1001  ViHERMOCOUPLE 


--EHEI- 


TYELLOW SPRINGS INST. CO. PART #44007 


i THERMOCOUPLE 
i o.00474F LL _J 
2 }—o 
| 
1 —5V 
a Joes 
040528 
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TYPICAL APPLICATIONS 


Direct Thermocouple-to-Frequency Converter 


Ry COLD JUNCTION TEMPERATURE TRACKING 
a 1N4148 
aauiobeurme ai aire STABILIZING AMP 1.8K 4700 
: +5V 
3 
rid 39k A 10k B c D E 
100k Ni 
phon 2 , 74004 
1 T secia 8200 
04 1 
OPTIONAL INPUT i af 
FILTER-ANO-OVERLOAD "= 
CLAMP 
-5V 
150K°* 
+5V +5 
50k 74004 
. F OUTPUT 
60°C TRIM 0H2~600Hz 
33k" +5V 0°c-60°C" 
rv tr-7a -5V a = 
At LTC1043 475K" TORS 
5 6 
taf : LT1004 "0.01% FILM-TRW MAR 
I L | O1nF Stk 12 ““TRW/MTR/5/ +120 
= 2 Rir=YELLOW SPAINGS INST. #44007 
100pF = POLYSTYRENE 
tor TFOR GENERAL PURPOSE (1m 
[ FULL-SCALE) 10-BIT A 70 0, REMOVE 
COLD JUNCTION BIAS = THERMOCOUPLE—COLO JUNCTION 
4370" 301k" NETWORK, GROUND POINT A, AND 
DRIVE LTC1052 POSITIVE INPUT. 
1870" 
Direct 10-Bit Strain Gauge Digitizer 
+5V 
STRAIN GAUGE 
TRANSDUCER 
Z\y=3500 
Zoyt = 3508 = 
20a r +5V 
‘oe 


INTEGRATOR 
+5V 
7 


FREQUENCY 
OUT B 


FREQUENCY 
‘OUT A 


OUTPUT 
BRIDGE ORIVE GATING 


DATA OUTPUT = i B = 1000 COUNTS FULL-SCALE 
*0.1% METAL FILM TRW MAR-5S 


SW1 = MAIN CURRENT SWITCH 
SW2= CURRENT LOADING COMPENSATION SWITCH 


1N4148 


1N4148 


ron 


CONNECT 

| DIRECTLY ACROSS 100k CONNECT TO BRIDGE END OF I 
BRIDGE ORIVE \ $ tox ATORRESISTOR oprionaty 

! me Transoucen | 

eve oe oe eS 
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TYPICAL APPLICATIONS 


16-Bit A— D Converter 


14k 
O.0tnF CLOCK 


+5V 
Ein 
OV-5V 


CURRENT SINK 


— Aout 
DATA OUTPUT = BOUT 


100,000 COUNTS FULL-SCALE 

NO ZERO TRIM 

20ppm/°C GAIN DRIFT 
*VISHAY S-102 RESISTOR 


74000 


mag 


10k PD» 6 | 2 
FULL-SCALE ‘te 7AC74 
TRIM : a2 


af 
en | 
> o Bout 
10k | y 
| Ys 740903 | 
| | 
+5V \ { 
BD- [>o Aout 
a - | 
+5V 
- _ 
i3}—- Oo —f14] 
0.01 pF 


L11009 [tr 


20k 


LINEARITY. = 
TRIM ~ ° 
! l 
| 
LTC1043 | 
L—$-— 
~5V 
CURRENT 
SWITCH 
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TYPICAL APPLICATIONS 


Precision Isolation Amplifier 


INPUT SIDE | OUTPUT SIDE 
| 10k 


10k 
20k 
cea 
L2 
STANCOR PCT-39 ouT 
2N5434 1k GAIN TRIM 
6 
13.3k* 
ine 44148 
40k" 
10M 
(SELECT) 


1N4148 1N4148 
7 


INPUT 


+15 68pF 


ee ee ee 


—15V 
25mA 
FLOATING 2N2222 
SUPPLY 11k ut 
OUTPUTS DALE TC-10-11 POWER 
4.3k DRIVER 
+15V 1N4148 : +15V 


25mA a 
2.2uF 


Ae ictie COMMON 2N2222 


250V ISOLATION 
0.03% ACCURACY 
*1% FILM RESISTOR 


+15V 


ee ee 
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LTC1052/LTC7652 


H Package 
Metal Can 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) uniess otherwise noted. 


J8 Package 


N8 Package 
8 Lead Hermetic Dip 8 Lead Plastic 
1 ; ricer 4 
te nme rams 
jer 118) 


(12.70-19.05) 


00% 0,370—0.400 
ose) 2.05, 
min cara] 
an wn 
rt 
9.185 —0.175 
{3.037 -4.445) 
Taedy 
125 0. 125 -~0.130 0.115 0.146, 
er cer rd 
6.030 —8.080, 
' |. 762 — 1.824) 
* 0,014-0.023 
~ {0.356— 0.084) 
0°-18° 
“LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 
OjA 
150°C 150°C/W 


45°C/W 


150°C 100°C/W 


“LEADS WITHIN 0.007 OF TRUE POSITION (TP} AT GAUGE PLANE, 


Timax Sa 
110°C 150°C/W 
J Package 


14-Lead Hermetic DIP 


N Package 
14-Lead Plastic 


0.250 20.005 
16.35040.127) 
9.180, 0.200 
(£064) (5.060) 
0,20-0.320 MAX) WAX 
(ome =| 


RAD 
TP 
0.300 ~ 0.320 
7° TYP (2 PLS} 
6.020 7a 
0.920 0.070 0.1% 79 508) ey) 
7 on 79) 0.028 3775) MN 0.190.0.005, 
B17} WN f Gameeote7 
MIN 
im ° 4° NB 12 PLS) 
0.009 -0.015 0.0754 0.015 0.018 0,003 
9,008—0.012 3 {0.228-0.381) 07-905 0.381) al leg 457 0.076) 
(0.203 ~0.304) 540) (1.524 20.127} 0.025 
MA BOTH ES 9.325 * pois 0.1003.0.010 
0,385 + 0.025 0.018 + 0.002 TRS 2 540. 0.254) 
18.79.20.835) 125402 0.254) 10.457 20.050) ass *889 (2:540:20.254) 
Timax Oia Timax i} 
150°C 80°C/W 110°C 130°C/W 
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| LD) TECHNOLOGY Chopper-Stabilized Operational 


FEATURES 
= Guaranteed Max. Offset 5yuV 
= Guaranteed Max. Offset Drift 0.05nV/°C 
® Typ. Offset Drift 0.01pV/°C 
m Excellent Long Term Stability 100nV/VMonth 
= Guaranteed Max. Input Bias Current 30pA 
= Over Operating Temperature Range 
Guaranteed Min. Gain 120dB 
Guaranteed Min. CMRR 120dB 
Guaranteed Min. PSRR 120dB 
® Single Supply Operation 4.75V to 16V 


(Input Voltage Range Extends to Ground) 
= External Capacitors can be Returned to V~ with No 
Noise Degradation 


APPLICATIONS 


= Thermocouple Amplifiers 

® Strain Gauge Amplifiers 

= Low Level Signal Processing 
= Medical Instrumentation 


Ultra Low Noise, Low Drift Amplifier 


VogAT = 50nv/°C 


NOISE = 0.06,Vp-p 0. 1Hz-10Hz a 


Amplifier (CSOA™) 
DESCRIPTION 


The LTC1052 is a low noise chopper-stabilized op amp 
(CSOA) manufactured using Linear Technology's enhanced 
LTCMOS™ silicon gate process. Chopper-stabilization con- 
stantly corrects offset voltage errors. Both initial offset and 
changes in the offset due to time, temperature and 
common-mode voltage are corrected. This, coupled with pi- 
coampere input currents, gives this amplifier unmatched 
performance. 


Low frequency (1/f) noise is also improved by the chopping 
technique. Instead of increasing continuously at a 3dBioc- 
tave rate, the internal chopping causes noise to decrease 
at low frequencies. 


The chopper circuitry is entirely internal and completely 
transparent to the user. Only two external capacitors are 
required to alternately sample and hold the offset correc- 
tion voltage and the amplified input signal. Control cir- 
cuitry is brought out on the 14-pin version to allow the 
sampling of the LTC1052 to be synchronized with an ex- 
ternal frequency source. 


The LTC1052CS is a direct replacement for the 1CL7652 in 
surface mounted packages. 


LTC1052 Noise Spectrum 


VOLTAGE NOISE DENSITY {nV/VHz) 


0 400 ©=- 200s: 300s 400800 
FREQUENCY (Hz) 


csoa™ ang LTcmOS™ are trademarks of Linear Technology Corporation. 
Tetion™ is a trademark of DuPont 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


(Notes 1 and 2} JOR MEW | ORDER PART 
Cexta INT/EXT NUMBER 
Total Supply Voltage (Vt toV~)..... ccc eae 18V cpm CLK IN 
Input Voltage................008 (V+ +0.3V)to(V~-0.3V) | Nc ccuaroy CLK OUT LTG1052CS 
Output Short Circuit Duration..............0... Indefinite -w Gy vt 
Operating Temperature Range............ — 40°C to 85°C +n OUTPUT 
Storage Temperature Range............. —65°C to 150°C §=—_—| Ne (evar) [6] OUTPUT CLAMP ——— 
Lead Temperature (Soldering, 10 sec.}.............. 300°C vo CRETN PART MARKING 
ne [Bj [3] we LTC1052CS 
$16 PACKAGE 
PLASTIC SOL «| 
ee | 
ELECTRICAL CHARACTERISTICS 
Vg = + 15V, Ta = operating temperature range, test circuit TC1 (Note 6), unless otherwise specified. 
T LTC10526 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Vos Input Offset Voltage Ta= 25°C (Note 3) ah +05 +5 wV 
AVog Average Input Offset Drift (Note 3) e +0.01 +0.05 pie 
ATemp 
AVog Long Term Offset Voltage Stability Teal 100 nVviVMonth 
ATime 
log Input Offset Current Ta= 25°C +5 +30 pA 
e +350 pA 
lp Input Bias Current Ta= 25°C +1 +30 pA 
e +175 pA 
Capp Input Noise Voltage Rg = 1000, DC to 10Hz, TC3 (Note 6) 15 uVp-p 
Rg= 1000, DCtotHz,ToaiNotes) | | 05 |b 
in Input Noise Current - f= 10Hz (Note 5) 0.6 fAIVHz 
CMRR Common-Mode Rejection Ratio Vom=V7 to +2.7V 120 140 dB 
PSRR Power Supply Rejection Ratio VouppLy = + 2.375V to + 8V e 120 150 dB 
Avot Large Signal Voltage Gain R, = 10k, Vour= + 4V e 120 150 dB 
Vout ieee Output Voltage Swing R= a @) +47 + in = \ 
| jote R, = 100k +4, 
SR Slew Rate R. = 10k, C, = 50pF 4 Vins 
GBW Gain Bandwidth Product oa 1.2 ~ 4 MHz 
Supply Current Load, Ty = 25°C 1.7 2.0 mA 
Ig pply i No Load, Ty = 25 Py | 30 | mA 
fs Internal Sampling Frequency ais 330 Hz 
Clamp On Current Ry, = 100k e 25 100 pA 
Clamp Off Current ~WV<Vour< +4V 10 100 pA 
e 


The @ denotes specifications which apply over the full operating tempera- 
ture range. 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: Connecting any terminal to voltages greater than V* or tess than 
V™ may cause destructive latch-up. It is recommended that no sources op- 
erating from external supplies be applied prior to power-up of the LTC 1052. 
Note 3: These parameters are guaranteed by design. Thermocouple effects 
preclude measurement of these voltage levels in high speed automatic 
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testing. Vog is measured to a limit determined by test equipment capability. 
Voltages on Cexta and Cextg, Avo, CMRR and PSRR are measured to insure 
proper operation of the nulling loop to insure meeting the Vog and Vog drift 
specifications. 

Note 4: Output clamp not connected. 

Note 5: Current noise is calculated from the formula: i, = (2q 1), where 
q=1.6x 107 coulomb. 


Note 6: For description of test circuits see LTC 1052 standard package data 


LI WAR 


J WIGAR 


FEATURES 
= Guaranteed Offset Voltage 150nV Max. 
—55°C to + 125°C 500pV Max. 
= Guaranteed Drift 4pV/°C Max. 
= Guaranteed Bias Current 
70°C 150pA Max. 
125°C 2.5nA Max. 
= Guaranteed Slew Rate 12V/ps Min. 


APPLICATIONS 


= Precision, High Speed Instrumentation 
® Logarithmic Amplifiers 

= D/A Output Amplifiers 

# Photodiode Amplifiers 

® Voltage to Frequency Converters 

= Frequency to Voltage Converters 

= Fast, Precision Sample and Hold 


LT1055/LT1056 
Precision, High Speed, 


JFET Inout Operational Amplifiers 


DESCRIPTION 


The LT1055/ 1056 JFET input operational amplifiers com- 
bine precision specifications with high speed performance. 


For the first time, 16V/us slew rate and 6.5MHz gain- 
bandwidth product are simultaneously achieved with 
offset voltage of typically 50zV, 1.2nV/°C drift, bias cur- 
rents of 40pA at 70°C and 500pA at 125°C. 


The 150xV maximum offset voltage specification is the 
best available on any JFET input operational amplifier. 


The LT1055 and LT1056 are differentiated by their 
operating currents. The lower power dissipation LT1055 
achieves lower bias and offset currents and offset volt- 
age. The additional power dissipation of the LT1056 per- 
mits higher slew rate, bandwidth and faster settling time 
with a slight sacrifice in DC performance. 


The voltage to frequency converter shown below is one of 
the many applications which utilize both the precision 
and high speed of the LT1055/1056. 


For a JFET input op amp with 23V/s guaranteed slew 
rate, refer to the LT1022 data sheet. 


re SL 


0 to 10kHz Voltage-te-Frequency Converter 


OV TO 10V INPUT 


2N3906 


phe = insta. 


*1% FILM. 


10kHz OPERATION. 


Vagus 


, THE LOW OFFSET VOLTAGE OF LT1056 
CONTRIBUTES ONLY 0.1Hz OF ERROR, 
WHILE ITS HIGH SLEW RATE PERMITS 


Distribution of Input Offset Voltage 
(H Package) 


FROM THREE RUNS 


OUTPUT 

1Hz TO 10kHz 
0.005% 
LINEARITY 


NUMBER OF UNITS 


—400  - 200 0 200 400 
INPUT OFFSET VOLTAGE (#V) 


LT1055/LT 1056 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 
Differential Input Voltage 
Input Voltage 
Output Short Circuit Duration 


Operating Temperature Range 
LT1055AM/1055M/1056AM/ 


1056M 


ed bcc. Se aon 


— 55°C to 125°C 


LT1055AC/1055C/1056AC/1056C.... 0°C to 70°C 
Storage Temperature Range 


All Devices 


— 65°C to 150°C 


Lead Temperature (Soldering, 10sec.)........ 300°C 


PACKAGE/ORDER INFORMATION 


TOP VIEW ORDER 
PART NUMBER 
LT1055AMH LT1056AMH 
LT1055MH LT1056MH 
LT1055ACH LT1056ACH 
LT1055CH =LT1056CH 
METAL CAN H PACKAGE | 
TOP VIEW 

Bat [1] is U8} n/c 

-wE] ve LT1055CN8 

+B [6] our LT1056CN8 


v- [4] 15} BAL 
PLASTIC DIP N8 PACKAGE 


ELECTRICAL CHARACTERISTICS v,= «15v, T,=25°C, Vem=OV unless otherwise noted. 


LT1055M /1056M 
LT1055AM/1056AM LT1055CH /1056CH 
LT1055AC/1056AC LT1055CN8/1056CN8 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX UNITS 
Vos Input Offset Voltage (Note 1) LT1055 H Package _ 50 150 - 70 400 uV 
LT1056 H Package = 50 180 - 70 450 nV 
LT1055 N8 Package aa = = - 120 = 700 WV 
| LT1056 N8 Package — — — - 140-800 BV 
los | Input Offset Current Fully Warmed Up 2 10 = 2 20 pA 
lp input Bias Current Fully Warmed Up = 41 «£50 | — «£10 + 50 | pA 
te Vom = + 10V — +30 +100 — +30 +150 pA 
Input Resistance—Differential _ jor? - joe a 
—Common-Mode | Voy=—11V to +8V - 10 - 1o'?  — Q 
Vom= + 8V to +11V ~ 7 a _ ot Q 
Input Capacitance - 4 _ - 4 ~ pF 
en input Noise Voltage O.1Hzto10Hz T1055 | — 18 — | — 20 — i uVp-p 
LT1056 - 25 - | - 28 — uVp-p 
ey Input Noise Voltage Density fo=10Hz (Note 2) ~ 28 50 - 30 60 nv/VHz 
fo = 1kHz (Note 3) 14 20 _ 15 22 nv/VHz 
+ —- | ovina 
\n Input Noise Current Density fo = 10Hz, tkHz (Note 4) = 1.8 4 _ 1.8 4 tA/VHz 
Avot Large Signal Voltage Gain Vo= + 10V R. =2k 160 400 — 120. «400 — V/mV 
RL. =1k 130 300 — 100 = 300 — V/mvV 
Input Voltage Range ee ee +11 412° — Vv 
CMRR Common-Mode Rejection Ratio Vom= #£11V 86 100 — 83 98 - dB 
PSRR Power Supply Rejection Ratio Vs= + 10V to + 18V 90 106 88 1040 dB 
Vout Output Voltage Swing RL =2k 412 413.2 — 412 413.2 — Vv 
SR Slew Rate T1055 10 13 _ 7.5 12 - V/ps 
LT1056 12 16 - 9.0 14 _ V/s 
GBW Gain Bandwidth Product = 1MHz LT1055 raed 5.0 = - 4.5 - MHz 
LT1056 | ~ 6.5 aan - 55 — MHz 
Ig Supply Current LT1055 - 2.8 4.0 = 2.8 4.0 mA 
T1056 - 5.0 6.5 - 5.0 7.0 mA 
Offset Voltage Adjustment Range Regt = 100k — #6 - —- 45 - mV 
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ELECTRICAL CHARACTERISTICS v; = + 15v, Vem =0V, 0°C <Ta<70°C unless otherwise noted. 


LT1055AC LT1055CH/1056CH 
LT1056AC LT1055CN8/1056CN8 
SYMBOL _| PARAMETER CONDITIONS MIN TYP MAX] MIN TYP MAX | UNITS 
Vos Input Offset Voltage (Note 1) LT1055 H Package e 100 330 - 140 750 uv 
LT1056 H Package e|- 100 = 360 | — 140 = 800 pv 
LT1055 N8 Package e|; - - - oa 250 1250 BV 
LT1056 N8 Package e; - _ - = 280 1350 pN 
| 
Average Temperature TH Package (Note 5) 7 a ae oe ne 
Coefficient of Input Offset N8 Package (Note 5) e|; - _ - - 3.0 
Voltage 
los input Offset Current Warmed Up LT1055 Te ;- 1 50 “y= 16 
| Ta= 70°C ~—s LT 1056 _| nal - 14 70 = - 18 
lg Input Bias Current Warmed Up LT1055 e! — +30 +150 —- +40 
_{ Ta=70°C LT1056 an es +40 #180 | — +50 
Avot Large Signal Voltage Gain Vo= + 10V, R, =2k @| 80 250 60 250 
CMRR Common-Mode Rejection Ratio Vom= + 10.5V @| 85 100 - 82 98 
PSRR Power Supply Rejection Ratio TVg= +10V to + 18V Te 89 105 = 87 103 
Vout Output Voltage Swing | RL=2k | e [zt 4191 — [412 £131 


LT1055AM LT1055M 
LT1056AM LT1056M 
SYMBOL __| PARAMETER _| CONDITIONS MIN. TYP MAX| MIN TYP MAX | UNITS 
Vos \nput Offset Voltage (Note 1) LT1055 ee; - 180 500 a 250 1200 pV 
LT1056 180 550 = 250 1250 WV 
Average Temperature (Note 5) 1.3 4.0 - 1.8 8.0 pV/°C 
Coefficient of Input Offset 
Voltage 
los Input Offset Current Warmed Up LT 1055 e p20 12) — 025 18 | mA 
Ta= 125°C = LT1056 je 0.25 «1.5 - 0.30 2.4 nA 
Ip Input Bias Current Warmed Up T1055 e y04 425 | — +205 «£40 | nA 
APs Ty= 125°C —LT1056 e +0.5 #30 | —- +06 +5. nA 
Avot Large Signal Voltage Gain Vo= + 10V, Ry =2k [e 120 =, 35 120 = V/mv 
CMRR Common-Mode Rejection Ratio Vom= + 10.5V e 
PSRR Power Supply Rejection Ratio Sy dB 


Vout 


Output Voltage Swing 


The @ denotes the specifications which apply over the full operating 
temperature range. 
For MIL-STD components, please reter to LTC883 data sheet for test 
listing and parameters. 
Note 1: Offset voitage is measured under two different conditions: 

(a) approximately 0.5 seconds after application of power; (b) at 

Ta = 25°C only, with the chip heated to approximately 38°C for the 
LT1055 and to 45°C for the LT1056, to account for chip temperature rise 
when the device is fully warmed up. 
Note 2: 10Hz noise voltage density is sample tested on every lot of A 
grades. Devices 100% tested at 10Hz are available on request. 


Note 3: This parameter is tested on a sample basis only. 

Note 4: Current noise is calculated from the formula: i,=(2ql)"*, 
where q=1.6x 40-19 coulomb. The noise of source resistors up to 1G 
swamps the contribution of current noise. 
Note 5: Offset voltage drift with temperature is practically unchanged 
when the offset voltage is trimmed to zero with a 100k potentiometer be- 
tween the balance terminals and the wiper tied to V+. Devices tested to 
tighter drift specifications are available on request. 


a 


Fagus 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Input Bias and Offset Currents Input Bias Current Over the Distribution of Input Offset 
vs Temperature Common-Mode Range Voltage (N8 Package) 
1000 oma wv T~ z 10 bed 160 Fon 50% VIELD TO 
= Vom=0V Pr 2 Tax 25°C 
S| WARMED up J/| = w go = ' Tséo units 
= 200 . S TESTED FROM 
a BIAS OR OFFSET CURRENTS s 2 120 Ftwo RUNS 
= MAY BE POSITIVE OR NEGATIVE / | cs 40 400 & & (LT1056) 
Qo p> 
— 100 & 2 Pp 100 
7 nN a> 2 
2 Rw 
& = 0 0 2S a r 
oOo = 
e 4 2 
a 3 7, 2 6 
a e -40 -40. 3 
Fs OFFSET CURRENT] © B40 
5 0 2 80 ~800S 
s - S 
2 5 @ POSITIVE INPUT CURRENT = 20 
s TIVE INP! T i 
i = 499 @NEGATIVE INPUT CURREN 3568 0 
0 25 50 78 100 125 -15 ~-10 —-5 0 5 10 15 — 800 -600 —400 -200 0 200 400 600 800 
AMBIENT TEMPERATURE (°C) COMMON-MODE INPUT VOLTAGE (V) INPUT OFFSET VOLTAGE (nV) 
Distribution of Offset Voltage 
Drift with Temperature Long Term Drift of 
(H Package)* Warm-Up Drift Representative Units 
0 (gra eV 50% TO + 1.5/6 bas 
634 UNITS TESTED 
120 ae 
= 80 = 
on 100 g a 
5 5 z 
5 wo so 5 
Oo itt uw 
iad +d 2 
ES 60 S 4 a 
2 = > 
2 w rm 
40 saa] 7) 
= on —_ 71056 H PACKAGE 5 
3 SI 
a LT1055H PACKAGE 
0 . 0 
-100-8 -6-4-2060 2 4 6 8 0 9 4 2 3 4 5 
OFFSET VOLTAGE DRIFT WITH TEMPERATURE (nV/°C) TIME AFTER POWER ON (MINUTES) TIME (MONTHS) 
“DISTRIBUTION IN THE PLASTIC (N8) PACKAGE 
(5 SIGNIFICANTLY WIDER. 
0.1Hz to 10Hz Noise Noise vs Chip Temperature Voltage Noise vs Frequency 
10 ee _ 


a 
= 7_Ef fo 2 e 
Zz iy’ ss 
oO ta z 
2 8; [| S = 300 
2 2 mop 
a x < = 
eS a 2 2 
2 # 5 & 
we Ee 3 Rw 100 
oO Me o 2 
5 Pr) 2 2 
a a 
S$ N Sew LT1056 
us Soe x 2 A = 28Hz 
3 a Zz 8 9 + 
2 e = §& 
2 = 3 1/f CORNER 
3S Se = 20Hz 
oO 
1 10 10 
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TIME (SECONDS} CHIP TEMPERATURE (°C) FREQUENCY (Hz) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


LT1056 Large Signal Response 


5V/DIV 


Ay= +1, CL=100pF, 0.5ps/DIV 


Undistorted Output Swing vs 


Frequency 
30 Vena tv 
T= 25°C 
= 
o 
2 
2 EHH 
5 18 
5 tt +—+ 
S LT1055 T1056 
é f 
os 
e 
Ms 
D 6 +—+ 
a 
a 
0 
400k 1M 10M 
FREQUENCY (Hz) 


Gain vs Frequency 


GAIN (dB) 


400 1k 10k 100k 1M 10M 100M 
FREQUENCY (Hz) 


1 10 


SLEW RATE (V/s) 


GAIN (6B) 


2omv/ DIV 


Small Signal Response 


Ay= +1, Cy=100pF, 0.2ys/0IV 


Slew Rate, Gain-Bandwidth vs 
Temperature 


LT1055 Large Signal Response 


5V/DIV 


Ay=1, C= 100pF, 0.548/ DIV 


Output Impedance vs 


(ZHW) LONGOYd HLOIMGNYE-NIVo 


L 
Vg= + 15V 
f= 1MHz FOR GBW 
a vo oe 


—2 25 75 
TEMPERATURE (°C) 


125 


Gain, Phase Shift vs Frequency 


OUTPUT IMPEDANCE (2) 


1k 10k 100k 
FREQUENCY (Hz) 


Voltage Gain vs Temperature 


($39493G) L4IHS ISWHd 


VOLTAGE GAIN (V/mV) 


75 125 


25 25 
TEMPERATURE (°C) 


ee 
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TYPICAL PERFORMANCE CHARACTERISTICS 


LT1055 Settling Time 


10 


OUTPUT VOLTAGE SWING FROM OV (V) 
Oo 


1 2 
SETTLING TIME (us) 


Common-Mode and Power 
Supply Rejections vs 
Temperature 

120 


Vg= 4 10V TO + 17V FOR PSRR 
Vg= + 15V, Voy= + 10.5V FOR CMRR 
— + —t 


ry 


+ 


CMRR, PSRR (dB) 


90 
—25 25 75 125 


TEMPERATURE (°C) 


Supply Current vs Supply 
Voltage 


SUPPLY CURRENT (mA) 


0 +5 +10 £15 + 20 


100 300 1k 3k 10k 


Common-Mode Range vs 
Temperature 


LT1056 Settling Time 


2 
SETTLING TIME (xs) TEMPERATURE (°C) 


Power Supply Rejection Ratio 
vs Frequency 


Common-Mode Rejection Ratio 
vs Frequency 


100 + ae 
POSITIVE 
80 SUPPLY 
NEGATIVE 
60 SUPPLY 


= 
3 


POWER SUPPLY REJECTION RATIO (dB) 


nN 
i=] 


10 100 1k 10k 100k 1M 10M 10 100 tk 10k 100k 1M 10M 
FREQUENCY (Hz) FREQUENCY (Hz) 


Output Swing vs Load 


Resistance Short Circuit Current vs Time 


Too 
ae OT 


— 


rr TTT 
orcal 


SOURCING 


i I 
1 
| er 


SHORT CIRCUIT CURRENT (mA) 


Q 1 2 
LOAD RESISTANCE (2) TIME FROM OUTPUT SHORT TO GROUND (MINUTES) 


LY WEAR 


APPLICATIONS INFORMATION 

The LT1055/ 1056 may be inserted directly into LF155A/ 
355A, LF156A/356A, OP-15 and OP-16 sockets. Offset 
nulling will be compatible with these devices with the 
wiper of the potentiometer tied to the positive supply. 


Offset Nulling 


No appreciable change in offset voltage drift with temper- 
ature will occur when the device is nulled with a poten- 
tiometer, Rp, ranging from 10k to 200k. 


The LT1055/ 1056 can also be used in LF351, LF411, 
AD547, AD611, OPA-111, and TLO81 sockets, provided 
that the nulling circuitry is removed. Because of the 
LT1055/1056’s low offset voltage, nulling will not be 
necessary in most applications. 


Achieving Picoampere/ Microvolt Performance 


In order to realize the picoampere-microvolt level ac- 
curacy of the LT1055/ 1056 proper care must be exer- 
cised. For example, leakage currents in circuitry external 
to the op amp can significantly degrade performance. 
High quality insulation should be used (e.g. Teflon™ , 
Kel-F); cleaning of all insulating surfaces to remove 
fluxes and other residues will probably be required. Sur- 
face coating may be necessary to provide a moisture bar- 
rier in high humidity environments. 


Board leakage can be minimized by encircling the input 
circuitry with a guard ring operated at a potential close to 
that of the inputs: in inverting configurations the guard 
ring should be tied to ground, in non-inverting connec- 
tions to the inverting input at pin 2. Guarding both sides 
of the printed circuit board is required. Bulk leakage 
reduction depends on the guard ring width. 


Teflon™ is a trademark of DuPont. 


ATES 


LT1055/LT1056 


The LT1055/1056 has the lowest offset voltage of any 
JFET input op amp available today. However, the offset 
voltage and its drift with time and temperature are still not 
as good as on the best bipolar amplifiers because the 
transconductance of FETs is considerably lower than that 
of bipolar transistors. Conversely, this lower transcon- 
ductance is the main cause of the significantly faster 
speed performance of FET input op amps. 


Offset voltage also changes somewhat with temperature 
cycling. The AM grades show a typical 20xV hysteresis 
(30zV on the M grades) when cycled over the — 55°C to 
125°C temperature range. Temperature cycling from o°c 
to 70°C has a negligible (less than 10zV/) hysteresis 
effect. 


The offset voltage and drift performance are also affected 
by packaging. In the plastic N8 package the molding 
compound is in direct contact with the chip, exerting 
pressure on the surface. While NPN input transistors are 
largely unaffected by this pressure, JFET device match- 
ing and drift are degraded. Consequently, for best DC 
performance, as shown in the typical performance distri- 
bution plots, the TO-5 H package is recommended. 


Noise Performance 


The current noise of the LT1055/ 1056 is practically im- 
measurable at 1.8fA/~/Hz. At 25°C it is negligible up to 
1GQ of source resistance, Rs (compared to the noise of 
Rs). Even at 125°C it is negligible to 100MQ of Rs. 
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APPLICATIONS INFORMATION 


The voltage noise spectrum is characterized by alow 1/f 
corner in the 20Hz to 30Hz range, significantly lower than 
on other competitive JFET input op amps. Of particular 
interest is the fact that, with any JFET IC amplifier, the 
frequency location of the 1/f corner is proportional to the 
square root of internal gate leakage currents and, there- 
fore, noise doubles every 20°C. Furthermore, as il- 
lustrated in the noise versus chip temperature curves, 
the 0. 1Hz to 10Hz peak-to-peak noise is a strong function 
of temperature, while wideband noise (fo =1kHz) is 
practically unaffected by temperature. 

Consequently, for optimum low frequency noise, chip 
temperature should be minimized. For example, operating 
an LT1056 at + 5V supplies or with a 20°C/W case-to- 
ambient heat sink reduces 0.1Hz to 10Hz noise from typi- 
cally 2.5uV/p-p (= 15V, free-air) to 1.5uVp-p. Similarly, the 
noise of an LT1055 will be 1.8Vp-p typically because of its 
lower power dissipation and chip temperature. 


High Speed Operation 

Settling time is measured in the test circuit shown. This 
test configuration has two features which eliminate prob- 
lems common to settling time measurements: (1) probe 
capacitance is isolated from the ‘‘false summing’’ node, 
and (2) it does not require a ‘‘flat top’’ input pulse since 


the input pulse is merely used to steer current through 
the diode bridges. For more details, please see Applica- 
tion Note 10. 


As with most high speed amplifiers, care should be taken 
with supply decoupling, lead dress and component 
placement. 


When the feedback around the op amp is resistive (RF), a 
pole will be created with Rr, the source resistance and 
capacitance (Rs, Cs), and the amplifier input capaci- 
tance (Cin = 4pF). in low closed loop gain configurations 
and with Rs and Rr in the kilohm range, this pole can 
create excess phase shift and even oscillation. A small 
capacitor (CF) in parallel with Rr eliminates this problem. 
With Rs(Cs +Cin)=RrCr, the effect of the feedback 
pole is completely removed. 


CE 


OUTPUT 


Settling Time Test Circuit 


+15V 1OpF (TYPICAL) 


0.01 DISC SOLID 
l TANTALUM 


PULSE GEN 
INPUT 
(5V MIN STEP) 


10pF 


0.01 DISC SOLID 
[ TANTALUM 


AUT OUTPUT 
+ 15V 
4.7k 


eas 


HPS082-2810 


QUTPUT 


PACKARD 
SCOPE 
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APPLICATIONS INFORMATION 


lan A erasal yoeee , Voltage Follower with Input Exceeding the Negative 
Most industry standard JFET input op amps (€.g., Common-Mode Range 


LF155/156, LF351, LF411, 0P15/16) exhibit phase 
reversal at the output when the negative common-mode 
limit at the input is exceeded (i.e., from — 12V to —15V 
with + 15V supplies). This can cause lock-up in servo 
systems. As shown below, the LT1055/1056 does not went 
have this problem due to unique phase reversal protec- SINE WAVE 


tion circuitry (Q1 on simplified schematic). 


OUTPUT OUTPUT 
(LF155/56, LF411, OP-15/ 16) LT1055/56 


10V/ DIV 
10V/DIV 
10V/DIV 


0.5ms/DIV 0.5ms/DIV 0.5ms/DIV 


TYPICAL APPLICATIONS | 


Exponential Voltage-to-Frequency Converter for Music Synthesizers 


INPUT 
OV-10V 


SAWTOOTH 
OUTPUT 


I 

| 

SCALE FACTOR | 

AV IN OCTAVE OUT | 
1% METAL FILM RESISTOR = 

PIN NUMBERED TRANSISTORS = CA3096 ARRAY oe eee ca ee ae a ee eee za 


+ For ten additional applications utilizing the LT1055 and 
T1056, please see the LTC 1043 data sheet and Applica- 
tion Note 3. 
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TYPICAL APPLICATIONS 


12-Bit Charge Balance Analog-to-Digital Converter Fast ‘‘No Trims’’ 12-Bit Multiplying CMOS DAC Amplifier 


REFERENCE IN TYPICAL 12-BIT 


CMOS DAC 


1N4148 
LM329 


DELAY =250ns 


OV-10V INPUT | 
* =1% FILM RESISTOR 


10k 
+15V 


COUPLE | ia 
ee | CIRCUIT ert 3k 
ratio SUL INPUT: 
ux (8) OUTPUT 
= 1N4148 
Temperature-to-Frequency Converter 
560 1k* 1k* 


+18V 


+15V 


TTL OUTPUT 
OKHz-1kHz= 
0°C-100°C 
4.7k 


*1% FILM RESISTOR 
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TYPICAL APPLICATIONS 


1400kHz Voltage Controlled Oscillator 


*1% FILM RESISTOR 


= naias 


FREQ LINEARITY =0.1% 


+15V 
SINE OUT 


FREQ STABILITY = 150ppm/°C 2vims 
SETTLING TIME =1.7ys 22.1k O-100KHZ 
DISTORTION =0.25% AT 100kHz, 
0.07% AT 10kHz 
uP 
+15V FINE Cj —15v 
50k DISTORTION 
10Hz TRIMS 
400kHz DISTORTION 
DISTORTION TRIM 


TRIM 
ba 


- 1 POLYSTYRENE 


9.09k* 


Ov-10V 


INPUT 2N4391_ 2N4391__Sk* i - 10k 


4.7K 4.7k 
-15V = +15V 
12-Bit Voltage Output D/A Converter + 120V Output Precision Op Amp 


+125V 


2N2222 : te 
i = 
1N4148, 


12-BIT CURRENT OUTPUT D/A 
CONVERTER (e.g., 6012,565 & 25mA OUTPUT 
OR DAC-80) HEAT SINK OUTPUT TRANSISTORS. 


@) 
0102 OR 4mA 
3 


Cp=15pF TO 33pF = _15V 
SETTLING TIME TO 2mV (0.8 LSB)=1.5ps TO 2us 


OUTPUT 
OV TO 10V 


2N3440 


OUTPUT 
INPUT 
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LT1055/LT1056 
SIMPLIFIED SCHEMATIC 


| 6 | OUTPUT 


“CURRENTS AS SHOWN FOR LT1055. (X)=CURRENTS FOR LT1056 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) uniess otherwise noted. 


H Package Metal Can N8 Package 
0.335 -~0.370 8 Lead Plastic 
(8.509-—9,398) 
DIA 
9.305 — 0.335 
{7.747 8,509) 
0.040 
(F016) ; 
MAX 11.270) 0,165 ~0.185 
MAX (4.191 — 4.699) 
t REFERENCE 0.250 - 0.005 
SEATING 1 _____{__ se (6.350+0.127) 
PLANE GAUGE 0.500~0.750 (6.350 + 0.127) 


0.010 0.045 fd ] fl PANE .70= 19.05) 0.300 0.320 
- ae 


9.010 = 0,045, (7.620—8.128) 
(0.254—1.143} 
0.016 -0.021 
(0406-053 0.010 0.280 
1P (0.254) aa) 
tN 


0.040 0.130 + 0,005 
(1.016) @.30240.127) | 


(0.508) 


0,027 —0.045 MIN 


(0.686 -- 1.143) 


0.009—-0.015 t 


——_S 90° 
9.200 —0.230_ (0.229 0.381) vp 
5.080 —5.842) 0.325 0.025 
BSC ~0.015 0.045 + 0.015 0.018 — 
+0.635 (1.143 = 0.381) (0.457) —e, 
lr" Gas aa | 0.100.4-0.010 TYP (3.175) 
(25402. 0.254) 
0.110—0.160 Tima | Oa 
(2.794 — 4.064) Tore | mec | 
INSULATING eras 


‘STANDOFF 


NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN 
THE REFERENCE PLANE AND SEATING PLANE. 


[Tine cs 
150°C ara 45°C 
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LIN LT1055$8/LT1056S8 


TECHNOLOGY Precision, High Speed, 
JFET Inout Operational Amplifiers 


FEATURES DESCRIPTION 

= Guaranteed Offset Voltage 4.5mV Max. The LT1055/LT1056 JFET input operational amplifiers com- 
0°C to 70°C 22mV Max. _ bine precision specifications with high speed performance. 

= Low Drift 4yVI°C Typ. 


= Guaranteed Bias Current For the first time in an SO package, 14V/us slew rate and 
70°C Warmed Up 4Q0pA Max. 5.5MHz gain-bandwidth product are simultaneously 
achieved with offset voltage of typically O.5mV, 4nV/°C 


= Guaranteed Slew Rate aie Win, drift, and bias currents of 60pA at 70°C. 
The 1.5mV maximum offset voltage specification is the 
APPLICATIONS best available on any JFET input operational amplifier in 
: the plastic SO package. 
= Precision, High Speed Instrumentation . . 
a caoartthiee Amplifiers The LT1055 and LT1056 are differentiated by their operat- 
= D/A Output Amplifiers ing currents. The lower power dissipation LT1055 achieves 


lower bias and offset currents and offset voltage. The 
additional power dissipation of the LT1056 permits higher 
slew rate, bandwidth and faster settling time with a slight 
sacrifice in DC performance. 


= Photodiode Amplifiers 

= Voltage to Frequency Converters 

= Frequency to Voltage Converters 

= Fast, Precision Sample and Hold 
The voltage to frequency converter shown below is one of 
the many applications which utilize both the precision and 
high speed of the LT1055/LT1056. 


0 to 10kHz Voltage-to-Frequency Converter 


OUTPUT 
OV TO 10V INPUT Hz TO 10kHZ 
005% 


LINEARITY 


0.1 k 9 
THE LOW OFFSET VOLTAGE OF LT1056 


2N3906 


pl = 1N4148. 


"1% FILM. CONTRIBUTES ONLY 0.1Hz OF ERROR, 
WHILE ITS HIGH SLEW RATE PERMITS 


1OkHz OPERATION . = 
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LT1055S8/LT1056S8 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ............cccscecaceueeeseravens £20V 
Differential Input Voltage ...........c.ccceceee ees +40V 
Input Voltage............ccceccsseceusesencaueesrs +20V 
Output Short Circuit Duration.................. Indefinite 
Operating Temperature Range............... 0°C to 70°C 
Storage Temperature Range 

All Devices. 20... cee icceeeeceaeeees - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.).............. 300°C 


PACKAGE/ORDER INFORMATION 


ORDER PART NUMBER 
TOP VIEW 
LT1055$8 
LT105688 
PART MARKING 
S8 PACKAGE 
PLASTIC $0 


ELECTRICAL CHARACTERISTICS y, = + 15v, 1, =25°C, Voy =0V unless otherwise noted. 


SYMBOL PARAMETER 


CONDITIONS MIN TYP MAX 


LT1055S8 
LT1056S8 


Vog Input Offset Voltage (Note 1) fe 500 1500 iw 


log input Offset Current Fully Warmed Up a pA 
Ip Input Bias Current Fully Warmed Up +30 +100 pA 
Vey = + 10V 30 150 pA 

input Resistance —Differential 04 Ta 

—Common-Mode Vow= — 11V to +8V 0.4 Ta 

Veu= +8V to +11V 0.05 Ta 


Input Capacitance Wise ea eas 4 pF 


e, Input Noise Voltage O.1Hzto 10Hz LT1055 2.5 aVp-p 
LT1056 35 aVp-p 
en Input Noise Voltage Density fo = 10Hz (Note 2) 36 70 nVHz 
f= 1kHz (Note 2) Wz 

Input Noise Current Density fo= 10Hz, 1kHz (Note 3) 

Avo. Large Signal Voltage Gain Vo=+10V = R, =2k 
R= 1k 100 300 VimV 
Input Voltage Range ee ees #12 v 
CMRR Common-Mode Rejection Ratio Vom = £11V 83 98 dB 
PSRR Power Supply Rejection Ratio Vg= + 10V to + 18V 88 104 dB 
Vout Output Voltage Swing V 
SR Slew Rate LT1055 75 12 Vins 
LT1056 9.0 14 Vins 
GBW Gain-Bandwidth Product f= 1MHz LT1055 — 45 MHz 
LT1056 5.5 MHz 
ls Supply Current LT1055 28 4,0 mA 


LT1056 5.0 70 mA 


Offset Voltage Adjustment Range Rpor = 100k +5 mV 
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LI Wie 


ELECTRICAL CHARACTE RISTICS Vs = £15V, Vom =0V, 0°C<T,a<70°C, unless otherwise noted. 


1T1055$8/1T105688 


LT1055S8/1056S8 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Vos input Offset Voltage (Note 1) le | 800 2200 uV 
Average Temperature 4 15 aVi°C 
Coefficient of Input Offset 
Voltage 
log Input Offset Current Warmed Up 18 150 pA 
T= 70°C 
Ig Input Bias Current Warmed Up +60 + 400 pA 
Ta = 70°C 
Avot Large Signal Voltage Gain Vo= + 10V, R.=2k fe) oo wm | Vim 
CMRR CommonMode Rejection Ratio. | Vm=ztosv ss @ | 82 98 dB 
PSRR Power Supply Rejection Ratio Vg = #10V to + 18V lel. a7 3 | dB 
Vout Output Voltage Swing Ry=2k fe, 2 #1 | 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Offset voltage is measured under two different conditions: 

(a) approximately 0.5 seconds after application of power; (b) at Ta = 25°C 
only, with the chip heated to approximately 38°C for the LT1055 and to 45°C 
for the LT1056, to account for chip temperature rise when the device is fully 
warmed up. 


AT WG 


Note 2: This parameter is tested on a sample basis only. 

Note 3: Current noise is calculated from the formula: i, = (2qlg), where 
q=1.6x 10- coulomb. The noise of source resistors up to 1GQ swamps the 
contribution of current noise. 

Note 4: Offset voltage drift with temperature is practically unchanged when 
the offset voltage voltage is trimmed to zero with a 100k potentiometer be- 
tween the balance terminals and the wiper tied to vt. 
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NOTES 
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LIN 


TECHNOLOGY 


FEATURES 


@ 14Vius Slew Rate 
= 5MHz Gain-Bandwidth Product 


10Vizs Min. 


= Fast Settling Time 1.3ys to 0.02% 

= 150V Offset Voltage (LT1057) A50yV Max. 

™ 180xV Offset Voltage (LT1058) 600xV Max. 

m 2VI°C Vos Drift 7uV IPC Max. 

® 50pA Bias Current at 70°C 

= Low Voltage Noise 13nViVHz @ 1kHz 
26nViWHz @ 10Hz 


APPLICATIONS 


= Precision, High Speed Instrumentation 
= Fast, Precision Sample and Hold 

= Logarithmic Amplifiers 

= D/A Output Amplifiers 

= Photodiode Amplifiers 

= Voltage to Frequency Converters 

= Frequency to Voltage Converters 


i  e UEEEEe 


Current Output, High Speed, High Input Impedance 
Instrumentation Amplifier 


avi-V2 
lout = Rx } 


*GAIN ADJUST 
**COMMON-MODE REJECTION ADJUST 
BANDWIDTH = 2MHz 


i 
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LT1057/1T1058 


Dual and Quad, JFET Input 
Precision High Speed Op Amps 


DESCRIPTION 


The LT1057 is a matched JFET input dual op amp in the 
industry standard 8 pin configuration, featuring a com- 
bination of outstanding high speed and precision speci- 
fications. It replaces all the popular bipotar and JFET 
input dual op amps. In particular, the LT1057 upgrades the 
performance of systems using the LF412A and OP-215 
JFET input duals. 


The LT1058 is the lowest offset quad JFET input opera- 
tional amplifier in the standard 14 pin configuration. It of- 
fers significant accuracy improvement over presently 
available JFET input quad operational amplifiers. It can re- 
place four single precision JFET input op amps, while sav- 
ing board space, power dissipation and cost. 


Both the LT1057 and LT1058 are available in all standard 
packages: plastic and hermetic DIP and (LT1057 only) 
metal can. 


Distribution of Offset Voltage 
(All Packages, LT1057 and LT1058) 


(71057: 610 OP AMPS 
T1058: 520 OP AMPS 


PERCENT OF UNITS 


-0.6 -0. 


20 0. 0.6 1.0 
INPUT OFFSET VOLTAGE (mV) 


LT1057/LT1058 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage... .......c cc ceeceeeeeeeseaecaeaes +20V 
Differential Input Voltage..............0..c.c0e +40V 
Input Voltage... ... ccc ceec eee ececcceeeeenaeens +20V 
Output Short Circuit Duration................. Indefinite 
Operating Temperature Range 

LT1057AM/LT1057M/ 

LT1058AM/LT1058M ...........cccc eee — 55°C to 125°C 

LT1057AG/LT1057C/ 

LT1058AC/LT1058C ...... eee eee 0°C to 70°C 
Storage Temperature Range 

All Devic€S......... cece ccs eeee sees - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)............ 300°C 


PACKAGE/ORDER INFORMATION 


TOP VIEW 
y+ 


ORDER PART NO. 


LT1057AMH 
LT1057MH 
LT1057ACH 
LT1057CH 


LT1057AMJ8 
LT1057MJ8 
LT1057ACJ8 
LT1057CJ8 
LT1057ACN8 
LT1057CN8 


V~ (CASE) 
METAL CAN H PACKAGE 


TOP VIEW 
o 


HERMETIC DIP J8 PACKAGE 
PLASTIC DIP N8 PACKAGE 


TOP VIEW 


LT1058AMJ 
LT1058MJ 
LT1058ACJ 
LT1058CJ 
LT1058ACN 
LT1058CN 


HERMETIC DIP J14 PACKAGE 
PLASTIC DIP N14 PACKAGE 


i ae LT1057AMILT105¢AM CTiOS7MILTIO5aM | 
LT1057AC/LT1058AC LT1057C/LT1058C 
SYMBOL |_PARAMET! ER =i] CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vos input Offset Voltage 150450 | 200 «800 | uv 
a 180 600 250 1000 wv 
— 
log Input Offset Current Fully Warmed Up 3 40 4 50 is pA 
lb Input Bias Current 7 Fully Warmed Up +5 +50 _| +7 +75 L pA 
Input Resistance-Differential 1012 10% 2 
-Common-Mode | Voy= -11V to8V 10 10" a 
L Vom =8V to 11V 10" to" 1) 
Input Capacitance 4 4 | pF 
en T Input Noise Voltage 0.1Hz to 10Hz 2.0 Ir 21 | uVp-p 
ao 2.4 25 Vp-p 
en Input Noise Voltage Density fo=10Hz 26 28 nViVHz 
fo =1kHz (Note 2) 3 22 14h nvivHz 
in |_tnput Noise Current Density fo = 10Hz, 1kHz (Note 3) 1.5 4 18 6 fAIVHz 
Avot Large Signal Voltage Gain Vo= +10V, Ri = 2k 150 350 100 300 VimV 
Vo= +10V, R, = tk 120 250 80 220 L VimV 
oe —- 
Input Voitage Range +105 14.3 +10.5 14.3 V 
-115 | -115 

CMRR Common-Mode Rejection Ratio LT1057 86 100 82 98 dB 
hk LT1058 84 98 80 96 dB 
PSRR | Power Supply Rejection Ratio Vs= + 10V to + 18V 88 103 86 102 dB 
Vout Output Voltage Swing [Ri =2k +12 +13 +12 +13 V 


1T1057/LT1058 


ELECTRICAL CHARACTERISTICS v,= + 15v, 1.=25°C, Vou =0V unless otherwise noted. (Note 1) 


LT1057AMILT1058AM LT1057M/LT1058M 
LT1057ACILT1058AC LT1057C/LT1058C 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS 
Supply Current Per Amplifier 
Channel Separation DC to 5kHz, Viy= + 10V 
ELECTRICAL CHARACTERISTICS v,= = 15, Von=0V,0°C<T,<70°C, unless otherwise noted. 
LT1057AC LT1057C 
LT1058AC LT1058C 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vos Input Offset Voltage (71057 e 250 800 330 1400 wv 
LT1058 e 300 1200 400 1800 WV 
Average Temperature T1057 H/J8 Package 18 7 2.3 12 pVicC 
Coefficient of Input N8 Package 3 10 4 16 uVi°G 
Offset Voltage (T1058 J Package (Note 4) 25 10 3 5 pec 
N Package (Note 4) 4 15 5 22 pVi°C 
los Input Offset Current Warmed Up,T,=70°C |_| 18 ~=—-150 2 8©=—-250 pA 
lp Input Bias Current Warmed Up, T= 70°C [ [#50 +250 +60 +350 pA 
Avo Large Signal Voltage Gain Vo= + 10V, R.=2k 70 220 50 200 VimV 
GUAR | CommonMode Rejection [Varsuv fe, =o [| wm | 
PSRA | Power Supply Rejection Ratio Vg= £10V to + 18V fe; a = 02—<s— —§s—sd|sC 100 dB 
Vout Output Voltage Swing Ry =2k yej #2 +128 | 2123128 V 
Ig Supply Current Per Amplifier 3.2 mA 
T= 70°C 15 mA 
ELECTRICAL CHARACTERISTICS v= + 15V, Vou=0v, -55°C:<T,<125°C, unless otherwise noted. 
LT1057AM LT1057M 
LT1058AM LT1058M 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vos Input Offset Voltage 171057 300 1100 400 2000 yV 
LT1058 380 1600 550 2500 WV 
Average Temperature Coefficient | LT1057 2.0 7 25 12 pC 
of Input Offset Voltage T1058 (Note 4) 25 10 pl 3 15 \ wVPC 
log Input Offset Current Warmed Up, Ta = 125°C |_| 0.15 2 0.2 3 nA 
I Input Bias Current +06 +45 +07 +6 nA 
Avot Large Signal Voltage Gain Vo= +10V, RL =2k 40 120 30 110 VimV 
CMRR | Common-Mode Rejection Ratio | Voy= + 10.4V j@| 84 97 80 95 dB 
PSRR Power Supply Rejection Ratio Ve= #10V to £17V ;@| 86 400 83 98 dB 
Vout Output Voltage Swing RL =2k fej} #2 +127 £12 +126 V 
is | Supe GurentPerampitior | Ta=T25rC rtm te fT 
The @ denotes the specifications which apply over the full operating tem- Note 3: Current noise is calculated from the formula: 
perature range. in=(2ql,)"? 


Note 1: Typical parameters are defined as the 60% yield of distributions of 
individual amplifiers; i.e., out of 100 LT1058s or (100 LT1057s), typically 

240 op amps (or 120 for the LT1057) will be better than the indicated 
specification. 

Note 2: This parameter is tested on a sample basis only. 


7 @ AN sh 


swamps the contribution of current noise. 
Note 4: This parameter is not 100% tested. 


and by inference from the slew rate measurement. 


where q= 1.6 10- ® coulomb. The noise of source resistors up to 1G0 


Note 5: Gain-bandwidth product is not tested. Itis quaranteed by design 
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LT1057/LT1058 


TYPICAL PERFORMANCE CHARACTERISTICS 


Input Bias and Offset Currents Input Bias Current Over 
vs Temperature the Common-Mode Range Warm-Up Drift 
00 —-——— 1. 1 
1000 Fy 6 160 00 
= Vom = OV = 14 140 2 
& | WARMED uP = ae 
= 300 + © 1.2 120 3 80 
& & a 8 
= (1.0 wo & 2 
e190 oe a 2S 0 1058 N PACKAGE 
. fl 
E BIAS CURRENT ci xB 
2 30 5 ne s Los 40 
= om 04 o & 2 
wW were So ow 
is OFFSET CURRENT] = a2 
= 10 L 5 0.2 0S En J LT1057 H PACKAGE 
a o 
z 2 0 meu 171057 J PACKAGE 
3 -0.2 ~29= 0 
0 25 50 75 100 125 -15 ~-10 -5 0 5 10 15 0 1 2 3 4 5 
AMBIENT TEMPERATURE (°C) COMMON-MODE INPUT VOLTAGE (V) TIME AFTER POWER ON (MINUTES) 
Distribution of Offset Voltage Distribution of Offset Voltage 
Drift with Temperature Drift with Temperature Long Term Drift of 
(H and J Package) (Plastic N Package) Representative Units 
120 12 50 
112) (71057H: 102 OP AMPS . LT1057N: 180 OP AMPS 
LT10574: 130 OP AMPS LT1058N: 176 OP AMPS 
400 LT1058J: 136 OP AMPS 100 356 OP AMPS = 
r = 
368 OF AMPS 1 UNIT EACH AT | 3 
on 80 2 80 -19, ~16, -13 3 
= Zz +14. + 16v/°6 = 
S 60 S 6 uw 
& & z 
= 5 = 
2 40 = 40 B 2 
5 -—30 
20 20 7 
-40 
0 = o Em —50 
-12-9 -6 -3 0 3 6 9 12 -12-9 -6 -3 0 3 6 9 12 0 2 3 4 5 
OFFSET VOLTAGE DRIFT WITH TEMPERATURE (pV/°C) OFFSET VOLTAGE DRIFT WITH TEMPERATURE (nV/°C) TIME (MONTHS) 
Voltage Noise vs Frequency 0.1Hz to 10Hz Noise Voltage Gain vs Temperature 
100 CC —— 
e 
2.7 
= S 300 
z= 50 2 
2 3 
3 re 
uw go 
a9 2 100 
aw = 
rf 
= 2 8 
= =z 30 
n 
z RNER = 28Hz 
10 10 
3 10 30 100 300 1000 3000 10,000 0 2 4 6 8 10 -75 —25 25 75 125 
FREQUENCY (Hz) TIME (SECONDS) TEMPERATURE (°C) 
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LT1057/LT1058 


TYPICAL PERFORMANCE CHARACTERISTICS 


Slew Rate, Gain-Bandwidth Undistorted Output Swing vs 
Large Signal Response Product vs Temperature Frequency 


5V/DIV 


SLEW RATE (V/zS) 


(ZHW) LONGOYd HLGIMONYE-NIVD 
PEAK-TO-PEAK OUTPUT SWING (V) 


Ay= +1, Cy =100pF, 0.5ys/DIV 


—50 -25 0 25 50 75 100 125 1M 


TEMPERATURE (°C) FREQUENCY (Hz) 
Gain, Phase Shift vs 
Small Signal Response Frequency Capacitive Load Handling 
80 
70 
60 
> z 
8 aS 
SS = He 
= 3 26 
g = 5 2 40 
=a 22 
~ m > 
go 30 
ra 
[ae +15V ~ 20 
Ta=25°C Y 
C_=109F 10 ai wa 
~20 80 0 ae aanttil 
1 10 100 1k 10k 100k 1M 10M 100M 10 100 1000 10,000 
FREQUENCY (Hz) CAPACITIVE LOAD (pF) 
Channel Separation vs Output Impedance vs 
Settling Time Frequency Frequency 
160 100 7 
= 
3 140 
= = LIMITED BY e 
a Zz THERMAL wy 10 
2 S 120 Z 
= 4 
= FROM LEFT TO RIGHT: é 8 
ta SETTLING TIME TO 10mV, SmV,2mV, 1mV = g 
a 100 LIMITED BY 5 
a 2g PIN TO PIN mS A 
fa 0.5mV Zz CAPACITANCE 2 
2 & Vg = + 15V 
= 80 17, =25°C 
3 Vin=20Vp-p TO SkHz 
Ry =2k 
60 0.4 
0 1 2 3 1 10 100 1k 40k 100k 1M ik 10k 100k 1M 
SETTLING TIME (us) FREQUENCY (Hz) FREQUENCY (Hz) 
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LT1057/LT1058 


TYPICAL PERFORMANCE CHARACTERISTICS 


Common-Mode and Power 
Common-Mode Rejection Ratio Common-Mode Range vs Supply Rejections vs 
vs Frequency Temperature Temperature 
120 120 
Vs=+10V 10 +17V FOR PSRR 
Vs= + 15V, Vom= + 10.5V FOR CMRR 
100 Ps ae fe 70 
= 
80 3 w 110 
g z= = ii 
= 60 a g : 
$ NX g is 
2 Fs s 
40 N 5 © 100 
o 
20 
0 90 
10 100 4k 10k = 100k 1M 10M -50 0 100 —25 125 


FREQUENCY (Hz) 


Power Supply Rejection Ratio 


vs Frequency Temperature 


IN POSITIVE 


NIN 
EGATIVE N 


POWER SUPPLY REJECTION RATIO (dB) 


50 
TEMPERATURE (°C) 


Supply Current vs 


25 75 
TEMPERATURE (°C) 


Short Circuit Current ys Time 
(One Output Shorted to Ground) 


at ea 
Ta= 125°C 


|__| _T,=125°C 
dt Ta=25°C 


SHORT CIRCUIT CURRENT (mA) 


SUPPLY CURRENT PER AMPLIFIER (mA) 


0 
10 100 1k 10k 100k 1M 10M -50 -25 0 


FREQUENCY (Hz) 


25 50 
TEMPERATURE (°C) 


75 «6100 «125 


APPLICATIONS INFORMATION 


The LT1057 may be inserted directly into LF353, LF412, 
LF442, TLO72, TLO82 and OP-215 sockets. The LT1058 
plugs into LF347, LF444, TLO74, TL084 sockets. Of course, 
all standard dual and quad bipolar op amps can also be re- 
placed by these devices. 


High Speed Operation 


When the feedback around the op amp is resistive (Rr), a 
pole will be created with Rr, the source resistance and 
capacitance (Rs, Cs), and the amplifier input capacitance 
(Cin=4pF). In low closed loop gain configurations and 
with Rs and Rr in the kilohm range, this pole can create ex- 
cess phase shift and even oscillation. A small capacitor 


(Cr) in parallel with Re eliminates this problem. With 
Rs(Cs+Cin)=ReCr, the effect of the feedback pole is 
completely removed. 


Ce 
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1T1057/1T1058 


a 


APPLICATIONS INFORMATION 


Settling time is measured in a test circuit which can 
be found in the LT1055/LT1056 data sheet and in Applica- 
tion Note 10. 


Achieving Picoampere/Microvolt Performance 


in order to realize the picoampere/microvolt level accuracy 
ot the LT1057/LT1058, proper care must be exercised. For 
example, leakage currents in circuitry external to the op 
amp can significantly degrade performance. High quality 
insulation should be used (e.g., Teflon™, Kel-F); cleaning 
of all insulating surfaces to remove fluxes and other 
residues will probably be required. Surface coating may be 
necessary to provide a moisture barrier in high humidity 
environments. 


Board leakage can be minimized by encircling the input 
circuitry with a guard ring operated at a potential close to 
that of the inputs; in inverting configurations the guard 
ring should be tied to ground, in non-inverting connections 
to the inverting input. Guarding both sides of the printed 
circuit board is required. Bulk leakage reduction depends 
on the guard ring width. 


The LT1057/LT1058 have the lowest offset voltage of any 
dual and quad JFET input op amps available today. 
However, the offset voltage and its drift with time and 
temperature are still not as good as on the best bipolar 
amplifiers because the transconductance of FETs is con- 
siderably lower than that of bipolar transistors. Converse- 
ly, this lower transconductance is the main cause of the 
significantly faster speed performance of FET input op 
amps. 


Teflon™ is a trademark of DuPont. 


A 


(A) + 16V Sine Wave Input 


LT Wie 


(B) LF412A Output 
All Photos 5V/Div Vertical Scale, 50ps/Div Horizontal Scale 


a EE 


Offset voltage also changes somewhat with temperature 
cycling. The AM grades show a typical 40xV hysteresis 
(50,V on the M grades) when cycled over the -55°C to 
125°C temperature range. Temperature cycling from 0°C 
to 70°C has a negligible (less than 20:V) hysteresis effect. 


The offset voltage and drift performance are also affected 
by packaging. In the plastic N package the molding com- 
pound is in direct contact with the chip, exerting pressure 
on the surface. While NPN input transistors are largely 
unaffected by this pressure, JFET device drift is degraded. 
Consequently, for best drift performance, as shown in the 
typical performance distribution plots, the J or H pack- 
ages are recommended. 


in applications where speed and picoampere bias currents 
are not necessary, Linear Technology offers the bipolar in- 
put, pin compatible LT1013 and LT1014 dual and quad op 
amps. These devices have significantly better DC speci- 
fications than any JFET input device. 


Phase Reversal Protection 


Most industry standard JFET input single, dual and quad 
op amps (e.g., LF156, LF351, LF353, LF411, LF412, OP-15, 
OP-16, OP-215, TLO84) exhibit phase reversal at the output 
when the negative common-mode limit at the input is ex- 
ceeded (i.e., below - 12V with + 15V supplies). The photos 
show a + 16V sine wave input (A), the response of an 
LF412A in the unity gain follower mode (B), and the re- 
sponse of the LT1057/LT 1058 (C). 


The phase reversal of photo (B) can cause lock-up in servo 
systems. The LT1057/LT1058 does not phase-reverse due 
to a unique phase reversal protection circuit. 


c 
(C) LT1057/LT1058 Output 
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LT1057/1T1058 
APPLICATIONS 


Low Noise, Wideband, Gain = 100 Amplifier with High Input Impedance 
4.3k 


INPUT 


— 308 BANDWIDTH =350kHz 
GAIN-BANDWIDTH PRODUCT = 36MHz 
WIDEBAND NoISe = 130V/He. = 7.snv//Hz 


REFERRED 10 INPUT 
RMS NOISE DC TO FULL BANDWIDTH =7pV 


Wideband, High Input Impedance, Gain = 1000 Amplifier 


4.7k 1k 4.7k 


OUTPUT 


—3dB BANDWIDTH = 400kHz a 
GAIN-BANDWIDTH PRODUCT = 400MHz 
WIDEBAND NOISE = 13nV/V/Hz REFERRED TO INPUT 


Low Distortion, Crystal Stabilized Oscillator 


1302 


COMMON-MODE 
SUPPRESSION 


1Vams OUT 
20kHz 
0.005% 
DISTORTION 


OSCILLATOR 
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LT1057/1T1058 


APPLICATIONS 


Fast, Precision Bridge Amplifier 


SLEW RATE = 14V/ys 
OUTPUT CURRENT TO LOAD = 150mA 
LOAD CAPACITANCE: UP TO 1uF 


Analog Divider 


1% FILM SV Tr 
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L11057/1T1058 


APPLICATIONS 


Bipolar Input (AC) VF Converter 


1701043 


POLYSTYRENE 


DATA 
OUTPUT 
O-1kHz 
(NPUT 
+ 


*1% FILM 
MATCH 1M RESISTORS TO 0.05% 


q 


12 Bit A-D Converter 
10k 
0.001 
= Bout 
10k 
INTEGRATOR FUEL, 
15V 7 
10k 
10k 
Aout 


10k 


18 


~1V 
2N4393 
OUT 
(11021 
40V IN 
GND 


NC 


DATA OUTPUT =AOUT 
‘OUT 
*VISHAY S-102 RESISTOR 


—15V 
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1T1057/LT1058 


a 


APPLICATIONS 


Instrumentation Amplifier with Shield Driver 


INPUT >@--= ad > OUTPUT 


GAIN =10(1+Rr/Rg) = 100 
|g=5pA 
Rww=10128 
BW =350kHz 


100dB Range Logarithmic Photodiode Amplifier 


RESPONSE DATA 
LIGHT (900M) DIODE CURRENT CIRCUIT OUTPUT 
1MW 350A 10.0V 
100, 35yA 7.85V 
15V 10. 3.5uA 5.70V 
nv 1 350nA 3.58V 
> — = HP-5082-4204 PIN PHOTODIODE. toonw 36nA 1.40V 
at-05=CAg096. 10nW 3.5nA —0.75V 
CONNECT SUBSTRATE OF CA3096 
ARRAY TO 04'S EMITTER. 
"4% RESISTOR 


100dB RANGE LOGARITHMIC PHOTODIODE AMPLIFIER 
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LT1057/LT1058 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


H Package 
Metal Can 


0335-0370 
g 509—9.398) 
DA 
0.027 - 0.035 0.305 0.S5 
N32 1183} F747 509) *| 
0.040 
OT | se | 6 Se 


‘ 
we 1270} 0 *6 = 0.18 
t Max (4 991) 4.699) 
omar a ¥___AiteneNce 
seins : ayy: 
Pune S48 san ho 0 
ao. mo Oo t fra 
- H {suggest 
WaT 133 eee 
0.110 -0.160 wl Lg 0.016 = 0.021 
7g 9 66) a in06—9.558 
(2.794 ~ 4 064) 
INSULATING: 


STANDOFF 


NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN 
THE REFERENCE PLANE AND SEATING PLANE 


Tjmax Oia Bic 
150°C 150°C 45°C 


J8 Package N8 Package 
8 Lead Hermetic Dip 8 Lead Piastic 


0.075, 


(0.635) 
RAD TYP 


9.220~0.310 


0 250+0.010 
(5588-7 874) (6:350-£0.254) 

9.290- 0.320, aie cs 
7.578.139) aoe 0.200 F i 
fat) oan 0.309-0.320 0.045—9.058 0.130 20.005 


(78208 128)" | 


9.015 -0.060 
(0.381 — 9.524) 


0.008—-0.018 


(0.203 0.460) oe 


{029° 038 


Wa en (3.302 + 0.127) 
0.065 ig 9.020 
nas (0.508) 
ir ‘e 
0.009—0.015 

(3.175) 
0.325 78 025 Ma 
0.385+0025 | 0.015 0.026 | es = 0.015 0.045 2.0.015 fi 
(8.779 0.635) (0.360—0.660) Tin fe 255 +0 635) (U3 6.381) 

MIN -0.281 0.100-s 0.010 0.018 0 003 
9.038-9.068 le 9.100£8.000 


(7540+ 0.254 | *~ (0.457 40.075) 
(0.965 —1.727) (2 54020 254} 


Neve 


J Package N Package 
14-Lead Hermetic DIP 14-Lead Plastic 


0.770 
0 19.558) 
0.15) MAX 
MIN 


0.220 -0.310 Erte 
(5568-7874) if 


0.290 0.320 
(7.37=8.13) 


5 


| 


3 


0.045 —0.065 2.065, 
irraa= rosy USS 


3 


0.015 0.060 
(0387-1528) 


0.300-0 320 

(7 620-8. 128) 0,020 = 
8125, 9.508) 

eee 3.175) MIN 0.100.005 


bs a (3.902 40.127) 


i__—— 


0r-15° 


0.008 —0.018 


(0,208 0.400), 0.909-0.015 0.075 20.015 ize fa 2.0784 0.003 
foe 2.85 0.05, 0.014 -0.026 of fe eS Ap to279-0.381) (1-905 +0361) (0.467 +0 076) 
8 77040.635) (0:36 = 0.66) (754020258) O12 +0.025 
9.9380 .068 bi 23% “9.015 0.100.010 
O965— 1.727) fa) 12:5800.264) 
suse =0.381 


ee 
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LIN LT1057S/LTIOSZIS 


TECHNOLOGY Dual JFET Input Precision 
High Speed Op Amp 
FEATURES DESCRIPTION 
m 13V/us Slew Rate 8ViusMin. The LT1057 is a matched JFET input dual op amp in the 
= 5MHz Gain-Bandwidth Product industry standard 8 pin configuration, featuring a com: 
= Fast Settling Time 1.3u8 to 0.02% bination of outstanding high speed and precision speci- 
@ 300xV Offset Voltage (LT1057) fications. It replaces all the popular bipolar and JFET 
® 5yVI°C Vos Drift input dual op amps. in particular, the LT1057 upgrades the 
® 60pA Bias Current at 70°C performance of systems using the LF412A and OP-215 
= Low Voltage Noise 13nV/VHz @ 1kHz JET input duals. 
26nViVHz @ 10Hz 


For the first time, precision dual JFET op amps are avail- 


able in a surface mounted pac extended operat- /2 | 
ing 2 ow (- , the 11105718 is 


re 


APPLICATIONS 


® Precision, High Speed Instrumentation \O 
= Fast, Precision Sample and Hold o*% pe 

. Logarithmic Amplifiers 

= D/A Output Amplifier: 


avi -V2 
louT= aie) Ry ) 


lout 


*GAIN ADJUST 
**COMMON-MODE REJECTION ADJUST 
BANDWIDTH = 2MHz 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage... ......cc cece eeseeeeeeeeeeeeeeas +20V 
Differential Input Voltage ..............eesec eee ees +40V 
{nPUt Voltage. ...... ccc ceeeeee cease eeeeeeeee enna +20V 
Output Short Circuit Duration...............044 Indefinite 
Operating Temperature Range 

LAOS TS wisccuvstcvadtocsabagerivte fe 0°C to 70°C 

LADS IS yitscticancomvernnrnseeseetes — 40°C to 85°C 
Storage Temperature Range 

All Devices...........c cece eee eee eens - 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) ............. 300°C 


ORDER PART 
TOP VIEW NUMBER 
LT1087S 
LT10571S 


PART MARKING 


LT1057S 
L110571S 


S16 PACKAGE 
PLASTIC SOL 


ELECTRICAL CHARACTERISTICS v, = + 15v, 1,=25°C, Vow =0V unless otherwise noted. 


SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Vos Input Offset Voltage 0.3 2 mV 
los input Offset Current Fully Warmed Up 5 50 pA 
lp Input Bias Current 7 Fully Warmed Up +10 +100 ; pA 
Input Resistance —Differential 0.4 TQ 

—Common-Mode Vom = -11V to +8V 0.4 Ta 

| Vom= +8V to +.11V 0.05 | TQ 

Input Capacitance | 4 | . pF 

@, input Noise Voltage 0.1Hz to 10Hz 24 pVp-p 
e, Input Noise Voltage Density fo= 10Hz 26 7 nvWHz 
fo= 1kHz 13 nvivHz 

in Input Noise Current Density fo = 10Hz, 1kHz 1.8 fAIHz 
Avo Large Signal Voltage Gain Vo= +10V R, = 2k 100 300 1 VimV 
R, = 1k 50 220 VimV 

Input Voltage Range £105 14.3 V 

- 11.5 V 

CMRR Common-Mode Rejection Ratio Von= #10.5V 82 98 | qB 
PSRR Power Supply Rejection Ratio Vg= + 10V to + 18V 86 102 dB 
Vout Output Voltage Swing R, =2k +12 +13 v 
SR Slew Rate i 8 13 Vins 
GBW Gain-Bandwidth Product f= 1MHz (Note 1) 3 5 MHz 
Ig Supply Current Per Amplifier | 17 2.8 | mA 
Channel Separation DC to 5kHz, Viy= + 10V 130 i dB 
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LT1057S/LT1IOS/IS 


ELECTRICAL CHARACTERISTICS 


Vg = + 15V, Vow = OV, 0°C<Ta 70°C (1710578) or - 40°C <T,<85°C (LT10571S), unless otherwise noted. 


oN 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Vos Input Offset Voltage e 0.5 25 mV 
Average Temperature e 5 pVi°C 
Coefficient of Input 
Offset Voltage 
log Input Offset Current Warmed Up, T, = 70°C (LT10578) 20 250 pa 
Warmed Up, T, = 85°C (LT10571S) 35 400 pA 


lp Input Bias Current Warmed Up, Ta = 70°C (LT1057S) 


Warmed Up, Ta = 85°C (LT10571S) = +100 
Avot Large Signal Voltage Gain Vo= + 10V, Ri = 2k e 50 200 
CMRR Common-Mode Rejection Ratio 7 Voy= + 10.5V e 80 96 
PSRR Power Supply Rejection Ratio Vg= + 10V to + 18V e 84 100 
Vour {__ Output Voltage Swing R, = 2k e +12 +128 


The « denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: Gain bandwidth product is not tested. It is guaranteed by design 
and by inference from the slew rate measurement. 
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y LIN AR LT1078/LT1079 


TECHNOLOGY ~—s Micropower, Dual and Quad, 
Single Supply, Precision Op Amps 


FEATURES DESCRIPTION 
m= 50A Max Supply Current per Amplifier The LT1078 is a micropower dual op amp in the standard 
= 70uV Max Offset Voltage 8-pin configuration; the LT1079 is a micropower quad op 
= 250pA Max Offset Current amp offered in the standard 14-pin packages. Both devices 
m 0.6.Vp-p 0.1Hz to 10Hz Voltage Noise are optimized for single supply operation at 5V. + 15V 
m= 3pAp-p 0.1Hz to 10Hz Current Noise specifications are also provided. 
= 0.4,V/°C Offset Voltage Drift Micropower performance of competing devices is 
= 200kHz Gain-Bandwidth-Product achieved at the expense of seriously degrading precision, 
® 0.07Vius Slew Rate noise, speed, and output drive specifications. The design 
™ Single Supply Operation effort of the LT1078/1079 was concentrated on reducing 
Input Voltage Range Includes Ground supply current without sacrifig vagy parameters. The 
Output Swings to Ground while Sinking Current offset voltage ace 4 id on any dual or quad 
No Pull Down Resistors are Needed non-chopper amp—micropower or other- 
= Output Sources and Sinks 5mA Load Current ve om or noise, slew rate 
in- ndwidthy wo to ten times better 
APPLICATIONS roa agit 
w Battery or Solar Powered me Te) a § pe he voltage noise spectrum is at 0.7Hz, at 


Portable Instrument iT ree tines lower than on any monolithic op amp. 
Remote Se ED This results in low frequency (0.1Hz to 10Hz) noise per- 
Satellj ev 1S formance which can only be found on devices with an or- 
= Micropo ents a der of magnitude higher supply current. 


= Thermocouple Both the LT1078 and LT1079 can be operated from a single 

= Micropower Fi supply (as low as one lithium cell or two Ni-cad batteries). 
The input range goes below ground. The all-NPN output 
stage swings to within a few millivolts of ground while 
sinking current—no power consuming pull down resistors 
are needed. 


Single Battery, Micropower, Gain = 100, Distribution of Input Offset Voltage 
Instrumentation Amplifier (LT1078 and LT1079 in All Packages) 


10.1k 


PERCENT OF UNITS 


INVERTING NON-INV 
INPUT 


TYPICAL PERFORMANCE 

INPUT OFFSET VOLTAGE = 40p¥ OUTPUT NOISE = BS 9 0.1Hz TO 10Hz ; 
INPUT OFFSET CURRENT =0.2nA = 300 ays OVER FULL BANDWIDTH 2-80 -4 Oo 40 80 
TOTAL POWER DISSIPATION = 240, WNPUT RANGE =0.03V TO 3 INPUT OFFSET VOLTAGE (4) 
COMMON-MODE REJECTION = 1100B (AMPLIFIER LIMITED) GureUT RANGE =0.03V TO. 2 av .3mV<Viy4—Vin— <23mV) 

GAIN BANDWIDTH PRODUCT = 200kKH OUTPUTS SINK CURRENT NO PULL DOWN AESISTORS / Ae REEDED 


EEE sss. 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage ..........cccceeeseeeeeu see eveeees +22V G6} ORDER PART 
Differential Input Voltage .............cccceeeeeees +30V I NUMBER 
Input Voltage .......... Equal to Positive Supply Voltage LT1078AMH 
npaneres 5V Below Negative Supply Voltage edb LT1078MH 
Output Short Circuit Duration... Indefinite v= (ese LT1078ACH 
Operating Temperature Range aLiA0 105 METAL CAN LT1078CH 
LT1078AM/LT1078M/ a 
~5HO ° 
LT1O79AMILTIO79OM ..... ccc cece eee e ees 55°C to 125°C : LT1078ACI8 
LT1078AC/LT1078C/ (71078C08 
LT079ACILT1079C.......csecscssevseeees 0°C to 70°C ee 
Storage Temperature Range alse NOE LT1078CN8 
All Grades ....... cc cece eee ee ene en es - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.).............. 300°C LTHO79AMJ 


LT1079MJ 
LT1079ACJ 
LT1079C¥ 
as LT1079ACN 
ial [Bas LT1079CN 


output 6 [7] [8] OUTPUT C 


J PACKAGE N PACKAGE 
14 LEAD CERAMIC DIP 14 LEAD PLASTIC DIP 


ee CHARACTERISTICS v5=5v,0V, Voy =0.1V, Vo =1.4V,T,=25°C, unless noted. 


LT1078AMIAC LT1078M/C 
LT1079AMIAC LT1079M/C 
SYMBOL PARAMETER CONDITIONS (NOTE 1} MIN TYP MAX MIN TYP MAX UNITS 
Vog input Offset Voltage LT1078 30 70 40 120 WW 
LT1079 35 100 40 150 wV 
AVogs Long Term Input Offset 0.4 05 pV/Mo 
ATime _| Voltage Stability 
log Input Offset Current 0.05 0.25 0.05 0.35 nA 
ig [__ input Bias Current aif 6 8 610 nA 
en Input Noise Voltage 0.1Hz to 10Hz (Note 2) 0.6 1.2 0.6 pVp-p 
Input Noise Voltage Density f)= 10Hz (Note 2} 23 45 29 WiVHz 
fy = 1000Hz (Note 2) 28 37 28 nVivHz 
in Input Noise Current 0,1Hz to 10Hz (Note 2) 23 4.0 2.3 pAp-p 
Input Noise Current Density fy = 10Hz (Note 2) 0.06 0.10 0.06 pAlHz 
f= 1000Hz 0.02 0.02 pAlvHz 
Input Resistance (Note 3) 
Differential Mode 400 800 300 800 MQ 
25 Common-Mode 6 6 GQ 
Pee a 
input Voltage Range | 35.38 ~ | 35 38 V 
0 -0.3 0 ~0.3 V 
CMRR Common-Mode Rejection Voy = OV to 3.5V 97 110 94 108 dB 
Ratio 
PSRR Power Supply Rejection | Vg = 2.3V to 12V 102 114 100 114 dB 
Ratio 
f- 
Avo. Large Signal Voltage Gain Vo = 0.03V to 4V, No Load 200 1000 150 1000 VimV 
Vo = 0.03V to 3.5V, R, = 50k 150 600 120 600 VimV 
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A 


ELECTRICAL CHARACTERISTICS vg =5V, 0v, Vom=0.19, Vo=1.4V, Ta = 25°C, unless noted. 


LT1078AM/AC LT1078M/C 
LT1079AM/AC LT1079M/C 
SYMBOL PARAMETER CONDITIONS (NOTE 1} MIN TYP MAX MIN TYP MAX UNITS 
Maximum Output Voltage [ Output Low, No Load 35 «6 35 «6 mV 
Swing Output Low, 2k to GND 0.55 1.0 055 1.0 mV 
Output Low, lginx = 100A 95 130 9 130 mV 
Output High, No Load 42 44 42 4.4 V 
Output High, 2k to GND 3.5 3.9 3.6 3.9 V 
SR Slew Rate Ay= +1, Vg= £25V 0.04 0.07 T 004 007 Vins 
GBW Gain Bandwidth Product ihe f,<20kHz 200 at 200 kHz 
lg Supply Current per Amplifier 38 50 39 55 pA 
Channel Separation ie AViy=3V, RU = 10k 130 LE 130 dB 
Minimum Supply Voltage (Note 4) 2.2 2.3 2.2 2.3 V 
ELECTRICAL CHARACTE RISTICS v5=5V, 0V, Vom=0.1V, Vo =1.4V, -55°C-<Ta< 125°C, unless noted. 
LT1078AM/1079AM LT1078M/1079M 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX UNITS 
Vos Input Offset Voltage LT1078 e 65 250 85 370 WV 
LT1079 e 80 280 100 400 wv 
AVos/AT Input Offset Voltage Drift (Note §) Ld 04 18 0.5 2.5 uVieC 
log Input Offset Current | ® 0.07 0.50 0.07 0.70 nA 
lp Input Bias Current e 7 10 7 12 nA 
CMRR Common-Mode Rejection Vow = 0.05V to 3.2V @| 92 106 88 104 dB 
Ratio 
PSRR Power Supply Rejection Vg =3.1V to 12V e 98 110 94 110 dB 
Ratio 
Avot Large Signal Voltage Gain Vo = 0.05V to 4V, No Load e 110 600 80 600 VimV 
Vo = 0.05V to 3.5V, R = 50k @| 80 400 60 400 VimV 
Maximum Output Voltage Output Low, No Load e 45 8 45 8 mV 
Swing Output Low, Iginx = 100,A e 125 170 125 170 mV 
Output High, No Load e 39 42 39 42 Vv 
Output High, 2k to GND e 3.0 37 30 37 1 Vv 
Ig Supply Current per Amplifier e 43 60 | 45 70 pA 
ELECTRICAL CHARACTERISTICS vg =50, ov, Vom =0.1V, Vo =1.4V, 0°C-<Ta<70°C, unless noted. 
lea hab LT1078C/1079C 
SYMBOL | PARAMETER CONDITIONS 1 MIN TYP MIN TYP MAX UNITS 
Vos Input Offset Voltage LT1078 e 50 “a 60 240 WV 
LT1079 e 60 180 70 270 wv 
AVog/AT Input Offset Voitage Drift (Note 5) e 04 18 05 25 uViPC 
log input Offset Current e 0.06 0.35 0.06 0.50 nA 
ip ____| __Input Bias Current e ae a ee nA 
CMRR Common-Mode Rejection Vom = OV to 3.4V e 94 108 90 106 dB 
Ratio 
PSRR Power Supply Rejection Vg = 2.6V to 12V e 100-112 | oF 112 ij dB 
Ratio 
Avot Large Signal Voltage Gain Vo = 0.05V to 4V, No Load e 150 750 110 750 | vimv 
Vo =0.05V to 3.5V, R, = 50K di 110 500 80 500 VimV 
Maximum Output Voltage Output Low, No Load e 40 7 40 7 mV 
Swing Output Low, lgyx = 100A ° 105 150 105 150 mV 
Output High, No Load e 41 43 41 43 V 
Output High, 2k to GND e 33 3.8 3.3 3.8 Vv 
ls | Supply Current per Amplifier e 40 55 42-63 [pA 
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ELECTRICAL CHARACTE RISTICS Vs = + 15V, Ta = 25°C, unless noted. 


LT1078AM/AC LT1078M/C 

LT1079AM/AC LT1079M/C 
SYMBOL PARAMETER i CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vos Input Offset Voltage 45 250 50 350 pV 
log Input Offset Current 0.05 0.25 0.05 0.35 nA 
lg Input Bias Current 6 8 6 10 nA 


Input Voltage Range 


Common-Mode Rejection Ratio 


Vem +13.5V, ~ 15V 


Common-Mode Rejection Ratio 
Power Supply Rejection Ratio 
Maximum Output Voltage Swing 


Vow = 13V, ~ 15V 
Vs = 5V, OV to + 18V 


PSRR Power Supply Rejection Ratio Vg = 5V, OV to + 18V 102 114 100 114 ome dB 
wen | ae Signal Voltage Gain Vo= + 10V, R, = 50k 1000 5000 1000 5000 vim 
Vo= + 10V, Ri = 2k 400 1100 300-1100 vimV 
Vout Maximum Output Voltage Swing A = 50k t a0 + 14.0 + i +140 "i 
= 2k #110 +132 +110 +132 
SR Slew Rate 0.08 0.10 T0106 0.10 [Vas 
ls Supply Current per Amplifier 46 65 47 75 | wA 
ELECTRICAL CHARACTERISTICS v-= + 15v, -55°C<T,<125°C, unless noted. 
~ h 7) LT1078AMMO79AM =| ~—=«LT1078M/1079M 
SYMBOL | PARAMETER i CONDITIONS MIN TYP MAX | MIN TYP MAX | UNITS 
Vos Input Offset Voltage fe 8 430 100 600 Ww 
AVoglAT__|_ Input Offset Voltage Drift_ _——|_ (Note) ls 04.18 | 05 25 uVI°C 
los __|_ Input Offset Current 0.07 0.50 0.07 0.70 nA 
ip Input Bias Current 7 10 7 2 | 0A 
Avot Large Signal Voltage Gain | Vo= + 10V, RL = 5k 200 700 150 700 VimV 
CMRR Common-Mode Rejection Ratio Vow= + 13V, - 14.9V a4 «110 i en ee 
PSRR Power Supply Rejection Ratio Vg = 5V, OV to + 18V 98 110 94 110 dB 
Maximum Output Voltage Swing R, =5k @| +10 + 13.6 _ | 20 is 13.5 V 
Ig Supply Current per Amplifier e 52 80 54 95 pA 
ELECTRICAL CHARACTERISTICS Vg = + 15V, 0°C<T, <70°C, unless noted. 
LT1078AC/1079AC LT1078C/1079C 
SYMBOL _|_ PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS 
‘Vos Input Offset Voltage 60 330 75 460 uV 
AVog/AT Input Offset Voltage Drift (Note 5) 04 18 0.5 25 uvicc 
leg input Offset Current 006 0.35 | 0.06 0.50 nA 
Input Bias Current 6 9 


100 112 97 112 dB 
a 
£110 +136 +110 +136 


Supply Current per Amplifier 


9 73 50 


The @ denotes the specifications which apply over the full operating 


temperature range. 


Note 1: Typical parameters are defined as the 60% yield of parameter 
distributions of individual amplifiers; i.e., out of 100 LT1079s (or 100 
LT1078s) typically 240 op amps (or 120) will be better than the indicated 


specification. 


Note 2: This parameter is tested on a sample basis only. All noise 


parameters are tested with Vg = + 2.5V, Vo= OV. 
Note 3: This parameter is guaranteed by design and is not tested. 


Note 4: Power supply rejection ratio is measured at the minimum supply 
voltage, The op amps actually work at 1.8V supply but with a typical offset 
skew of — 300pV. 


Note 5: This parameter is not 100% tested. 
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LT1078/LT1079 


TYPICAL PERFORMANCE CHARACTERISTICS 


Input Bias and Offset Currents vs Input Bias Current vs 
Supply Current vs Temperature Temperature Common-Mode Voltage 


S 
6 


—— 
V5=5V, OVTO + 15V 


50 


OFFSET CURRENT (pA) 


INPUT BIAS CURRENT (nA) 


SUPPLY CURRENT PER AMPLIFIER (yA) 


BIAS CURRENT (nA) 
& 


a 25 0 25 50 75 100 125 -50 -25 0 2 80 7 100 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
0.1Hz to 10Hz Noise 0.01Hz to 10Hz Noise Noise Spectrum 


1000 po — 


= ft Vg= £2.5V 
NY | Ee ate 
< ae (AT Vg= + 15V 
S x Se CIN TI TT voutace noise 
S 300 
= g == LUM |_| 
= <7 Se x CURRENT NOISE 
S = ze 1S UNCHANGED) 
w —4 Qa 
2 w ms 100 FS + HHH 
3 & wa RS 
> Se ae ~ 
w S ss = HII —_ 
3 8 2= CONT 
2 3 2a |_| RS UH 
i 35° Cl = 
$5 474 CORNER HII 
| | o.7Hz 
0 20 40 60 80 100 " 
0.4 1 10 100 1000 
TIME (SECONDS) TIME (SECONDS) FREQUENCY (Hz) 
Distribution of Offset Voltage Drift Long Term Stability of Two 
10Hz Voltage Noise Distribution with Temperature (In All Packages) Representative Units (LT1078) 
$20 L11078s. 
'— 70 L11079s_ 
620 OP AMPS 
: = 
392 OP AMPS 3 
@ TESTED FROM o w 
= THREE RUNS = z 
= 
rs 106 LT1078s] 5 
(= 45 LT1079s e g 
2 e S 
# & cS 
@ 
5 
. A Ps ion. 
25 35 40 —2 -1 0 1 2 
VOLTAGE NOISE DENSITY (nV/VHz) OFFSET VOLTAGE DRIFT WITH TEMPERATURE (xV/°C) TIME (MONTHS) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Voltage Gain vs Frequency 


Gain, Phase vs Frequency 


a 
iy 
i= 


VOLTAGE GAIN (dB) 


0.01 0.1 1 #10 100 1k 10k 100k 1M 
FREQUENCY (Hz) 


Slew Rate, Gain Bandwidth 
Product and Phase Margin vs 
Temperature 


* 0.04 


> 
c= 


= mac 


a 
to=20kHz 
25 


100 125 


Y 


GAIN BANDWIDTH PRODUCT (kHz} SLEW RAI 
3 


° EMPERATURE (° °° 


Small Signal Transient Response 
Vg = 5V,0V 


20mv/DIV 


10ys/DIV 
Ay= 41, CL=159F, INPUT 50mV TO 150mVv 


nm 
& 
wn 
So 


VOLTAGE GAIN (dB) 


= 
Ss 


PHASE MARGIN (DEGREES) 


2B 
S 


B 
PHASE SHIFT (DEGREES) 


wa 
Tantsrt IDS SY] 
“TUTE TUT 


-10 
10k 30k 100k 300k 1M 


20mv/DIV 


FREQUENCY (Hz) 


Large Signal Transient Response 
Vs = 5V,0V 


1V/DIV 


50us/DIV 
INPUT PULSE OV TO 3.8V, Ay= +1, NO LOAD 


Small Signal Transient Response 
Vg= +2.5V 


10ys/DIV 
Ay= +1, C_=15pF 


OVERSHOOT (%) 


SV/DIV 


2OmV/BWV 


Capacitive Load Handling 


Pa 
ie 


10 1000 
CAPACITIVE LOAD (pF) 


Large Signal Transient Response 
Vg = + 15V 


100u8/DIV 
Ay= +1, NO LOAD 


Small Signal Transient Response 
Vg = + 16V 


10xs/DIV 
Ay= +1, CL=15pF 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Minimum Supply Voltage Warm-Up Drift Voltage Gain vs Load Resistance 
10M 


100 


1, +25°C 
2. -55°C fVs=+15V 
3. +125°C 


V-=0V 
—0.1VsVcoys0.4V 


WARM UP ORIFT 
AT Vg=5V, OVIS 
IMMEASURABLY LOW 


& g 
g rm 
— oO 
ty 100 =< 7 
S 3 = 
$ ti -_ 
5 —200 ~ 3 
u Ww 
& NON S 8 
5 FUNCTIONAL z 5 
= —300 uu =] 
= o 
= 2 Ua 7 
400 & a | : 
AP I 
500 400k ney! 6. +125°C 
0 1 2 3 100 1k 10k 100k 1M 
POSITIVE SUPPLY VOLTAGE (V) TIME AFTER POWER ON (MINUTES) LOAD RESISTANCE TO GROUND (Q) 
Output Saturation vs Temperature Output Voltage Swing vs Load 
vs Sink Current Current Short Circuit Current vs Time 
40 
Tra= 28°C, Vg=SV, OV 
30 
oe 
ra 
Eg 2 ral Ta= +25°C, Vox 2 18V 
28 — 
= 10 
3 Ta= + 125°C, Vg=SV, OV 
= 0 ++ 
2 Ta= +125°C, Vg= + 15V 
= ~10 —t } = 
Eo Ta= + 125°C, Vg= + 15V 
S 2 _» 
ae 
-30 
- -40 
-50 -2 0 2% 50 75 100 125 0.01 0.1 1 10 
TEMPERATURE (°C) SOURCING OR SINKING LOAD CURRENT (mA) TIME FROM OUTPUT SHORT TO GROUND (MINUTES) 
Common Mode Range vs Undistorted Output Swing vs 
Temperature Frequency Closed Loop Output Impedance 
+ 30 
V* (+2250 70 tev -— a Ta=25°C S 
V-=0V TO —18V LOAD, Ry, TO GROUND = 1k 
Vt =1 3 


LH} 5 
Vg=5V, OV, Ry = 100k il 


COMMON MODE RANGE (V) 


Es 
a 
4 
0 u 
oe & 
> 20 4 
v+-2 2 Vs=+18V]| 2 2 
A RL = 100k = 4 
5 5 2 
V- +1 }— 5 Eos 
S 10 23 E 
rH = = 3 | 
v- = g * 
e 1g 
s = 04 
v- <1 0 Oo” 
-50 -25 0 25 60 75 100 125 100 1k a 100k 10 100 1k 10k 100k 
TEMPERATURE (°C) FREQUENCY (Hz} FREQUENCY (Hz) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Common-Mode Rejection Ratio 
vs Frequency 


vs Frequency 


120 


Power Supply Rejection Ratio 


Channel Separation vs Frequency 


COMMON-MODE REJECTION RATIO (dB) 
POWER SUPPLY REJECTION RATIO (dB) 
a 
So 


Ta=25) 


1k 10k 100k 1M 01 1 
FREQUENCY (Hz) 


29 |_Vg= +2.5V-+1Vp-p SINE WAVE N 
°¢ 


10 100 
FREQUENCY (Hz) 


CHANNEL SEPARATION (dB) 


=25°C 
=3Vp-p TO 2kHz 
10k 


1k 10k 100k 1 10 1k 10k 100k 1M 


10 
FREQUENCY (Hz) 


APPLICATIONS INFORMATION 


The LT1078/LT1079 devices are fully specified with 
V+ =5V, V- =0, Vow=0.1V. This set of operating condi- 
tions appears to be the most representative for battery 
powered micropower circuits. Offset voltage is internally 
trimmed to a minimum value at these supply voltages. 
When 9V or 3V batteries or + 2.5V dual supplies are used, 
bias and offset current changes will be minimal. Offset 
voltage changes will be just.a few microvolts as given by 
the PSRR and CMRR specifications. For example, if 
PSRR = 114dB (= 2yV/V), at 9V the offset voltage change 
will be 8yV. Similarly, Vg = + 2.5V, Voy = 0 is equivalent to a 
common-mode voltage change of 2.4V or a Vos change of 
7uV if CMRR = 110dB (3V/V). 


A full set of specifications is also provided at + 15V sup- 
ply voltages for comparison with other devices and for 
completeness. 


Single Supply Operation 


The LT1078/LT1079 are fully specified for single supply 
operation, i.e., when the negative supply is OV. Input com- 
mon-mode range goes below ground and the output 
swings within a few millivolts of ground while sinking cur- 
rent. All competing micropower op amps either cannot 
swing to within 600mV of ground (OP-20, OP-220, OP-420) 


or need a pull down resistor connected to the output to 
swing to ground (OP-90, OP-290, OP-490, HA5141/42/44). 
This difference is critical because in many applications 
these competing devices cannot be operated as micro- 
power op amps and swing to ground simultaneously. 


As an example, consider the instrumentation amplifier 
shown on the front page. When the common-mode signal 
is low and the output is high, amplifier A has to sink 
current. When the common-mode signal is high and the 
output low, amplifier B has to sink current. The competing 
devices require a 12k pull down resistor at the output of 
amplifier A and a 15k at the output of B to handle the 
specified signals. (The LT1078 does not need pull down re- 
sistors.) When the common-mode input is high and the 
output is high these pull down resistors draw 300A (150nA 
each), which is excessive for micropower applications. 


The instrumentation amplifier is by no means the only ap- 
plication requiring current sinking capability. In 7 of the 9 
single supply applications shown in this data sheet the op 
amps have to be able to sink current. In two of the applica- 
tions the first amplifier has to sink only the 6nA input bias 
current of the second op amp. The competing devices, 
however, cannot even sink 6nA without a pull down 
resistor. 
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APPLICATIONS INFORMATION 


Since the output of the LT1078/LT1079 cannot go exactly orona transient basis. If the input is more than a few hun- 
to ground, but can only approach ground to within a few dred millivolts below ground, two distinct problems can 
millivolts, care should be exercised to ensure that the out- occur on previous single supply designs, such as the 
put is not saturated. For example, a 1 mV input signal will M124, M158, OP-20, OP-21, OP-220, OP-221, OP-420 
cause the amplifier to set up in its linear region inthe gain (aandb), OP-90/290/490 (b only): 

100 configuration shown below, but is not enough to make 


the amplifier function properly in the voltage follower a) When the input is more than a diode drop below ground, 


unlimited current will flow from the substrate (V~ 


mom: ; 7 terminal) to the input. This can destroy the unit. On the 
Gain 100 Amplifier Voltage Follower LT1078/LT1079, resistors in series with the input protect 
a ING 3 rg the devices even when the input is 5V below ground. 
99R 
= toon guru | _b) When the input is more than 400mV below ground (at 
imy tmv aay 25°C), the input stage saturates and phase reversal occurs 


at the output. This can cause lock-up in servo systems. 
Due to a unique phase reversal protection circuitry, the 
Single supply operation can also create difficulties at the LT1078/LT1079’s output does not reverse, as illustrated 
input. The driving signal can fall below 0V—inadvertently below, even when the inputs are at — 1.0V. 


Voltage Follower with Input Exceeding the Negative Common-Mode Range (Vs = 5V, OV) 


1ms/DIV ims/DIV ims/DIV 


6Vp-p INPUT, ~1.0TO +5.0V OP-90 EXHIBITS OUTPUT 111078/LT1079 
PHASE REVERSAL NO PHASE REVERSAL 


EES 


Comparator Applications 
The single supply operation of the LT1078/1079 and its lends itself to use as a precision comparator with TTL 
ability to swing close to ground while sinking current — compatible output. 


Comparator Rise Response Time Comparator Fall Response Time 
to 10mV, 5mV, 2mV Overdrives to 10mV, 5mV, 2mV Overdrives 


OUTPUT (V} 
OUTPUT (V) 


INPUT (mV) 
INPUT (mV) 


Vg=5V, OV 200ys/DIV Vs=5V, OV 200s /DIV 


LT1078/LT1079 


APPLICATIONS INFORMATION 


Matching Specifications 


in many applications the performance of a system 
depends on the matching between two op amps, rather 
than the individual characteristics of the two devices. The 
two and three op amp instrumentation amplifier configura 
tions shown in this data sheet are examples, Matching 
characteristics are not 100% tested on the LT1078/79. 


Some specifications are guaranteed by definition. For 
example, 70x.V maximum offset voltage implies that mis- 
match cannot be more than 140xV. 97dB (= 14nV/V) CMRR 
means that worst case CMRR match is 91dB (= 28uV/\). 
However, the following table can be used to estimate the 
expected matching performance at Vs=5V, OV between 
the two sides of the LT1078, and between amplifiers A and 
D, and between amplifiers B and C of the LT1079. 


+ 


LT1078AM/AC LT1078M/C 
LT1079AMIAC LT1079M/C 
PARAMETER 50% YIELD 1 98% YIELD | 50% YIELD 98% YIELD UNITS 
Vos Match, AVos | LT1078 30 | 110 50 190 WW 
LT1079 40 150 | 50 250 
Temperature Coefficient AVos 05 1.2 1 0.6 18 aVicC 
Average Non-Inverting Ip 6 8 6 10 nA 
Match of Non-Inverting Ip 0.12 04 al 0,15 05 nA 
CMRR Match 120 100 117 97 dB 
PSRR Match 117 105 117 102 dB 
Platinum RTD Signal Conditioner with Curvature Correction 
3V (LITHIUM) 
11004-1.2 
0.02V TO 2.2V OUT= 
2°C TO 220°C 
£0.1°C 


Re=ROSEMOUNT 118MF 
** =TRW MAR-6 0.1% 
*=1% METAL FILM 
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TYPICAL APPLICATIONS 


Micropower, 10ppm/°C, + 5V Reference 


LT1034BC 
1.2 


+5,000V OUTPUT 
M 


—5.000V OUTPUT 


510k 
1% 


SUPPLY CURRENT: +9V BATTERY = 115yA 
—9V BATTERY = 85pA 
OUTPUT NOISE: 36)V pp, 0.1Hz TO 10Hz 


THE LT1078 CONTRIBUTES LESS THAN 3% OF THE TOTAL OUTPUT NOISE AND 
DRIFT WITH TIME AND TEMPERATURE. THE ACCURACY OF THE —SV OUTPUT 
DEPENDS ON THE MATCHING OF THE TWO 1M RESISTORS. 


Gain of 10 Difference Amplifier 


10M 


OUTPUT 
0.0036 TO 2.4V 


BANOWIOTH = 20kHz 
OUTPUT OFFSET =0.7mV 
OUTPUT NOISE =80pV pp (0.1Hz TO 10Hz) 
260uV RMS OVER FULL BANDWIDTH 


THE USEFULNESS OF DIFFERENCE AMPLIFIERS IS LIMITEO BY THE FACT THAT 
THE INPUT RESISTANCE |S EQUAL TO THE SOURCE RESISTANCE. THE PICO- 
AMPERE OFFSET CURRENT AND LOW CURRENT NOISE OF THE LT1078 AL- 
LOWS THE USE OF 1M@ SOURCE. RESISTORS WITHOUT DEGRADATION IN 
PERFORMANCE. IN ADDITION, WITH MEGAOHM RESISTORS MICROPOWER 
OPERATION CAN BE MAINTAINED. 


Picoampere Input Current, Triple Op Amp Instrumentation Amplifier with Bias Current Cancellation 


+ INPUT 


LT WEAR 


9.1M 


OUTPUT 
Amv TO 8.2V 


GAIN = ( +B) B3 — 100 FOR VALUES SHOWN 


INPUT BIAS CURRENT TYPICALLY < 150pA 

INPUT RESISTANCE =3R =30M FOR VALUES SHOWN 
NEGATIVE COMMON-MODE LIMIT =Ig x 2R-+ 20mV = 140mV 
GAIN BANOWIDTH PRODUCT = 1.8MHz 
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TYPICAL APPLICATIONS 


+ 85V, - 100V Common Mode 
Range Instrumentation Amplifier 
(Ay=10) 


OUTPUT 
8V TO —-9V 


BANDWIDTH = 2kHz 
= OUTPUT OFFSET = 8my 
OUTPUT NOISE =0.8mV pq (0.1Hz to 10 Hz) 
=1.4mV RMS OVER FULL BANDWIDTH 
(DOMINATED BY RESISTOR NOISE) 
INPUT RESISTANCE = 10MQ 


Half-Wave Rectifier 


2M 


OUTPUT 


: Vom =6mV 
= + NO DISTORTION TO 100Hz 


1.8V 1.8V 
f\N—f\ 
—1.8V 


Absolute Value Circuit (Full-Wave Rectifier) 


200k 


Vomin=4mV 


NO DISTORTION TO 100Hz 


1N4148 


Programmable Gain Amplifier (Single Supply) 


11k 10k 100k 1M 


ERRORS DUE TO SWITCH ON RESISTANCE, 
LEAKAGE CURRENTS, NOISE AND TRANSIENTS 
ARE ELIMINATED. 


CD4016B 
PIN13 PINS PING 
high low low 
low high low 
10 low low high 
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TYPICAL APPLICATIONS 


Single Supply, Micropower, Second Order Low Pass Filter with 60Hz Notch 


0.02uF 


OUTPUT 
TYPICAL OFFSET 
= 600 
100pF 1000pF 1000pF 
0.5% 0.5% 
Micropower Multiplier/Divider 
505k 505k 
yinput__ 9.1% 0.1% _ZINPUT 
(mv TO 50V) (SMV TO 50V) 
505k 
xinpuT__9.1% 
(5mv TO 50V) 
OUTPUT 
(SmV TO 8V) 


30k 
5% 


TYPICAL LINEARITY =0.01% OF FULL SCALE OUTPUT 


NEGATIVE SUPPLY CURRENT =165pA+ X+Y¥+Z+OUT 


Q1-04 =MAT —04 500k 


ourput= (). M | POSITIVE INPUTS ONLY POSITIVE SUPPLY CURRENT = 165uA+ OUT 


BANDWIDTH (<3Vpp SIGNAL): X AND Y INPUTS = 10kHz 
Z INPUT =4kHz 
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TYPICAL APPLICATIONS 


Micropower Dead Zone Generator 


CONTROL INPUT 
0.4V TO 5V 


BIPOLAR SYMMETRY IS EXCELLENT 

BECAUSE ONE DEVICE, Q2, SETS BOTH LIMITS 
SUPPLY CURRENT = 240A 

BANDWIDTH = 150Hz 


470k 


Vout 


VIN 


~Wv 


| 
“1% FILM ' 
**RATIO MATCH 0.05% ! 
02, 3, 4, 5 CA 3096 TRANSISTOR ARRAY Vset 


Lead Acid Low Battery Detector with System Shutdown 


BATTERY 
OUTPUT 


LO =BATTERY LOW 
(IF Vg<10.90V) 


LO =SYSTEM SHUTDOWN 
(IF Vg <10.05V) 


= TOTAL SUPPLY CURRENT = 105pA 


9-264 LY Wie 


LT1078/LT1079 


SIMPLIFIED SCHEMATIC 


62OLLI vit 
BOLT a/b 
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PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


H Package 
8 Lead TO-5 Metal Can 


0.027 — 0.045 
(0.686 1.143) 


0.335 ~0.370 
nes 355) 


ose aa 
i7747—8.509} “| 


8.040 

0.230 iro16) 
5,842) MAX 0,165 0.185 
L ia 114.695) 


’ ! REFERENCE 
Searing GAUGE PLANE 


u Fe Te 
sgo-t9g ml 1 2 


aeten ee ae! L 2.016 0.021, 0.016 0.021 
INSULATING NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN (0-406 -0.533) 4060580 


‘STANOOFF THE REFERENCE PLANE ANO SEATING PLANE. 


J Package 
8 Lead Ceramic DIP 


N Package 
8 Lead Plastic DIP 


0.400 
(10.160) 
3] [7] 


0.250 40.010 
0.220-0.310 {6.350 20.254) 
(5.588— 7.874) 
ease 0.130+ 0.006 
(5.080) =i Supe 
MAX (7620-8 126) ee B220127) 
WAL 0.065, —< 
0.015—0.060 = 7 (0.508) 
0.381 —1.524) ae MIN 
ae 0.8 or-15¢ 0,009-0.015 
{0.203 —0.460) (0.223038) 381) 
0.325. +0.025 
fe ~ 2.58520.025 | 0.914= 0,026 aia =0.015 0.045 20.015 
49.779 0.635) 10.360—0,660) tw. as +35) (7943 = 0.381) 
uN 0.381, 0.1002.0.010 0.018 0.003 
0.038 —0.068 9.100 +0.010 (2.540 4 0.254) (0.457 +0.076) 
0.965 -1.727) (2402 0.254) 
a 
J Package N Package 
14 Lead Ceramic DIP 14 Lead Plastic DIP 
0.785 _ 0.770 
0.005 (19.899) 9.556) 
ro MAX MAX 
MIN 
0.250 40.010 
0.220 0.310 (6.350 0.254) 
15588-7674) 


0.290-0.320 
7.37-8.13) 


0.015—0.060 
(0381-1524) 


97-15" 


0,008 -0.018 
{0-209-0.400) “| 


o 0.065, 
0,045 — 0.065 

rer SST (1.651) 
{1.143=1.651) We 


(7.620 —8.128) 
0.125 as 
ee hal MN soa ar 
t 13.2 20.127) 


0.385 0.025 020.025 _ 0.014 — 0.026 | | he 9.100 + 0.010 PF corso 
- 10.36-0.66) (2.54020.258) 0.125 0.008 0.015 0.075 + 0.015 J, 0.038:20,003, 
iihoe aac en ea 3175) (0.229-0.381) {#.905 20.381) he [an Sagas 
0.038 -0,.068, aa 
= 1.727) +0.025 
era iii aa) 0.100 0.010 


12.540 20.254) 
238 Nat 


Nter08 
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yf LINE f\| ) LT1178/LT1179 
TECHNOLOGY 172A Max, Dual and Quad, 


Single Supply, Precision Op Amps 


FEATURES DESCRIPTION 

= 17,A Max Supply Current per Amplifier The LT1178 is a micropower dual op amp in the standard 

™ 70uV Max Offset Voltage 8-pin configuration; the LT1179 is a micropower quad op 

= 250pA Max Offset Current amp offered in the standard 14-pin packages. Both devices 

m 5nA Max Input Bias Current are optimized for single supply operation at 5V. Specifica- 

® (0.9.Vp-p 0.1Hz to 10Hz Voltage Noise tions are also provided at + 15V supplies. 

: ee sat ped drae elirant Noe The extremely low supply current is combined with true 
Sy set Voltage Drift ie pone : 

= 85kHz Gain-Bandwidth-Product precision specifications: offset voltage is 30,V, offset cur: 

= 0,04V ius Slew Rate rent is 50pA. Both offset ja low drift with 
' temperature. The 1.5pAp- and picoampere 


® Single Supply Operation 
Input Voltage Range Includes Ground offset current per: megaohm level source re- 


Output Swings to Ground while Sinking Current sistors, wi cy serio . ae es 
No Pull Down Resistors are Needed ot PP g the low supply 


= Output Sources and Sinks 5mA Load Current ert ‘ ,0° 
gp and LT1179 can be operated from a single 
3 


APPLICATIONS +40 a b § low as one lithium cell or two Ni-cad batteries), 


oh D input range goes below ground. The all-NPN output 
= Battery tae ens Vv ise? stage swings to within a few millivolts of ground while 
nsor 


Portab entation pe sinking current—no power consuming pull down resistors 

emote 2 gir are needed 

Satellite Cir : 
= Micropower Sample and Hold For applications where three times higher supply current 
= Thermocouple Amplifier is acceptable, the micropower LT1078 dual and L11079 
= Micropower Filters quad are recommended. The LT1078/79 have significantly 


higher bandwidth, slew rate; lower voltage noise and bet: 
ter output drive capability. 


Self-Buffered, Dual Output, Micropower Reference Supply Current vs Temperature 


20 


1.2365 aI y 
OUTPUT 


r 
1. 

aD 

= 


2.470 
QUTPUT 


SUPPLY CURRENT PER AMPLIFIER (uA) 


10 
* =0.1% FILM RESISTORS —50 -2 0 2 S0 75 100 125 
TOTAL BATTERY CURRENT = 28pA TEMPERATURE (°C ) 
OUTPUT ACCURACY = +.0.4% MAX 
TEMPERATURE COEFFICIENT = 20ppm/°C 
LOAD REGULATION = 25ppm/mA, |, <5mA, V+ =5V 
LINE REGULATION = 10ppm/V¥ 
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ABSOLUTE MAXIMUM RATINGS PACKAGEC/ORDER INFORMATION 


Supply Voltage .........:cscceceseeceseeerseeeees +22V 
Differential Input Voltage ..............0ceccee cues +30V 
Input Voltage .......... Equal to Positive Supply Voltage 
islaiiee 5V Below Negative Supply Voltage 

Output Short Circuit Duration.................. Indefinite 
Operating Temperature Range 

LT1178AM/LT1178M/ 

LTT179AMILT1179M 0... . 0.0. cceeeeees - 58°C to 125°C 

LT1178AC/LT1178C/ 

LTT179ACILT1179C. 00... ccc cc ec ec ene ee eee 0°C to 70°C 
Storage Temperature Range 

All Grades .........scccseceeeseeeeees - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.).............. 300°C 


HOF view 


ORDER PART 
NUMBER 


LT1178AMH 
LT1178MH 
LT1178ACH 
LT1178CH 
LT1178AMU8 
LT1178MJ8 
LT1178ACU8 
LT1178CJ8 


LT1178ACN8 
LT1178CN8 


LT1179AMJ 


LT1179Md 
LT1179ACJ 
LT1179CJ 
LT1179ACN 
LT1179CN 


ELECTRICAL CHARACTERISTICS v5 =5,, 0V, Voy =0.1V, Vo=1.4V, Ta =25°C, unless noted. 


LT1178AMIAC. LT4178MIC | 
LT1179AM/AC LT1179MIC 
SYMBOL PARAMETER CONDITIONS (NOTE 1) _| MIN TYP MAX MIN TYP MAX UNITS 
Vos Input Offset Voltage LTHtT6 0 i a tan oe wv 
tt 
AVos Long Term Input Offset 0.5 0.6 uV/Mo 
ATime Voltage Stability abe, it 
no | 
log Input Offset Current ae 0.05 0.25 0.05 0.35 nA 
lg Input Bias Current iL 3 5 3 6 | nA 
en Input Noise Voltage 0.1Hz to 10Hz (Note 2) 09 20 0.9 uVp-p 
ar a 7 + 
input Noise Voltage Density fo= 10Hz (Note 2) 50 75 50 rut 
fy = 1000Hz (Note 2) 49 65 49 nViVHz 
in Input Noise Current 0.1Hz to 10Hz (Note 2) + 15 25 15 pAp-p 
Input Noise Current Density fo = 10Hz (Note 2) 0.03 0.07 |. 0.03 pate 
fy= 1000Hz ai 0.01 hs 0.01 | pAlvHz 
Input Resistance (Note 3) 
Differential Mode 0.8 20 0.6 20 GQ 
Common-Mode — 12 12 {2 
Input Voltage Range 3.5 3.9 3.5 3.9 V 
0 -0.3 0 -0.3 V 
CMRR Common-Mode Rejection Vom = OV to 3.5V 93 103 T 90 102 dB 
Ratio 
PSRR Power Supply Rejection Vg=2.2V to 12V = a4 («104 | 92 104 qB 
Ratio 
AvoL Large Signal Voltage Gain Vo = 0.03V to 4V, No Load (Note 3) 140 700 110 700 Vim 
Vo =0.08V to 3.5, R, = 50k 80 200 70 200 vimV 
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ELECTRICAL CHARACTERISTICS 1, =5y, 0v, Voy =0.1V, Vo=1.4V, T= 25°C, unless noted. 


LT1178AM/AC (T1178MIC 
LT1179AM/AC LT1179MIC 
SYMBOL | PARAMETER CONDITIONS (NOTE 1) MIN TYP MAX | MIN TYP MAX UNITS 
Maximum Output Voltage Output Low, No Load 65 9 65 9 mV 
Swing Output Low, 2k to GND 0.2 0.6 0.2 0.6 mV 
Output Low, Igiyx = 100, 120 160 120 = 160 mV 
Output High, No Load 4.2 44 4.2 4.4 V 
Output High, 2k to GND 3.8 {35 3.8 v 
SR Slew Rate Ay= +1, 0, = 10pF (Note 3) 0.025 0.013 0.025 Vins 
Gain Bandwidth Product fo <5kHz 60 60 Ne kHz 
Is Supply Current per Amplifier 3 68 | 4 21 yA 
Vg = £1.5V, Vo=0V 12 17 241 13 20 | uA 
Channel Separation AVin=8V, Ry = 10k 130 
Minimum Supply Voltage F f 7 
ELECTRICAL CHARACTERISTICS v5 =5,, 0v, Voy =0.1¥, Vo=1.4V, -55°C<T4<125°C, unless noted. 
| LT1178AM/1179AM LT1178M/1179M 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vos Input Offset Voltage LT1178 80 290 100 420 uV 
LT1179 9 320, | 110 450 uV 
AVog/AT Input Offset Voltage Drift (Note 5) | @ | 05 22 06 3.0 VIC 
los Input Offset Current Coe 0.07 0.50 0.07 0.70 nA 
lg Input Bias Current je}; 4 7 | 4 8 nA 
CMRR Common-Mode Rejection Vow = 0.05V to 3.2V ° | 87 «100 8488 dB 
Ratio 
PSRR Power Supply Rejection Vg = 3.0V to 12V a 88 100 86 = 100 dB 
Ratio 
Avo. Large Signal Voltage Gain Vo =0.05V to 4V, No Load (Note 3) 70 = 350 55 350 VimV 
; Vo = 0.05V to 3.5V, Ri = 50k 40-130 35 130 VimV 
Maximum Output Voltage Output Low, No Load 9 13 9 13 mV 
Swing Output Low, Igiyx = 100A 160 220 160 220 mV 
Output High, No Load 39 42 39 42 Vv 
Output High, 2k to GND 30 37 30 = (37 v 
jE 
Ig Supply Current per Amplifier 14 «23 1527 pA 
ELECTRICAL C HARACTERISTICS Vg =5V, OV, Vow =0.1V, Vo =1.4V, 0°C<T,<70°C, unless noted. 
LT1178AC/1179AC LT1178C/1179C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vos Input Offset Voltage LT1178 e 50 170 65 250 uV 
| LT1179 | e 60 200 70 290 nV 
Input Offset Voltage Drift (Note 5) e 05 22 
log Input = Current e 0.06 0.35 
lp Input Bias Current Ee 3 7 nA 
CMRR Common-Mode Rejection Vom =0V to 3.4V e| 9 101 | 86 100 ar: 
Ratio 
PSRR Power Supply Rejection Vg = 2.5V to 12V eo; 9 102 88 102 dB 
Ratio 
Avot Large Signal Voltage Gain = Vo =0.05V to 4V, NoLoad(Note3) | @ | 105 500 80 500 VimV 
Vo =0.05V to 3.5V, Ry = 50K Ie 55 160 45 160 VimV 
Maximum Output Voltage Output Low, No Load e 8 1 8 11 mV 
Swing Output Low, Iginx = 100nA e 140 «190 140 190 mV 
Output High, No Load @e; 41 43 41 43 Vv 
Output High, 2k to GND e 33 38 v 
Supply Current per Amplifier 15 24 pA 


LT1178/LT1179 


ELECTRICAL CHARACTERISTICS v= + 15v,1,=25°C, unless noted. 


LT1178AM/AC LT1178M/C 
LT1179AM/AC LT1179MiC 
SYMBOL PARAMETER |_ CONDITIONS TYP MAX MIN TYP MAX UNITS 
Vos Input Offset Voltage 80 350 L 100 480 aN 
los Input Offset Current an 0.05 0.25 0.05 0.35 nA 
lg Input Bias Current | 3 an 5 3 6 nA 
Input Voltage Range 13.9 


Common-Mode Rejection Ratio Vom + 13.5V, — 15V 


- 15.3 


Power Supply Rejection Ratio Vs = 5V, OV to + 18V 96 412 94 112 dB 

Avo. Large Signal Voltage Gain Vo= + 10V, R, =50k 300 1200 250 1000 Vimv 

Vo= + 10V, No Load 600-2500 400-2500 vimv 

Vout Maximum Output Voltage Swing | R,=50k £130 +142 +130 +142 | V 

sea: R.=2k 110 4127 +110 +127 V 

SR Slew Rate Ay= +1 0.02 0.04 al 0.02 0.04 Vivs 

GBW Gain Bandwidth Product fo<5kHz 85 85 | kHz 

ls __| Supply Current per Amplifier 16 21 =f 17 5 | pA 
ELECTRICAL CHARACTERISTICS Vg = + 15V, - 55°C <Ty< 125°C, unless noted. 

aa | LTt176AMi1179AM LT1178M/1179M 

SYMBOL | PARAMETER |_ CONDITIONS i MIN TYP MAX MIN TYP MAX |_UNITS 

Vos Input Offset Voltage 140 630 _| 170-880 aV 

AVosAT | Input Offset Voltage Drift “TY (Note 5) 06 28 07.40 | ,WPC 

los Input Offset Current 007 050 | oo7 070 | nA 

Ip Input Bias Current a) 4 7 4 8 nA 

Avo. Large Signal Voltage Gain _| Vo= #10V, Ry =50k 120 500 ~{ 100 500 _[_vimv 

CMRR Common-Mode Rejection Ratio Vow = + 18V, - 14.9V eg 92 103 88 103 a dB 

PSRR Power Supply Rejection Ratio Vs = 5V, OV to + 18V 91 109 88 109 | 4 

Maximum Output Voltage Swing R, =5k +11.0 413.5 To £110 +135 V 

Ig Supply Current per Amplifier oer 18 2 L 19 30 pA 

ELECTRICAL CHARACTERISTICS vg = = 15v,0°C<1,<70°C, unless noted. 
bas LT1178AC/1179AC Lriizecni7ec | 

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX UNITS 

Vos Input Offset Voltage 100 480 130—60—sé|SV 

Input Offset Voltage Drift (Note 5) 06 28 | 07 4.0 Ae 

I Input Offset Current r 0.06 0.35 0.06 0.35 nA 

104 a1 104 

Power Supply Rejection Ratio Vs = SV, OV to + 18V 110 ZZ 91 110 dB 

Maximum Output Voltage Swing | R,=5k #11.0 +136 Vv 

ls Supply Current per Amplifier 17 2 | 18 28 pA 


The @ denotes the specifications which apply over the full operating 


temperature range. 


Note 1: Typical parameters are defined as the 60% yield of parameter 


distributions of individual amplifiers; i.¢., out of 100 LT1179s (or 100 


LT1178s) typically 240 op amps (or 120) will be better than the indicated 


specification. 
Note 2: This parameter is tested on a sample basis only. All noise 


parameters are tested with Vs= + 2.5V, Vo = OV. 
Note 3: This parameter is guaranteed by design and is not tested. 


Note 4: Power supply rejection ratio is measured at the minimum supply 
voltage. The op amps actually work at 1.7V supply but with a typical offset 


skew of ~300,V. 
Note 5: This parameter is not 100% tested. 
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LFI56A/356A/156/356 


TECHNOLOGY JFET-Inout Operational Amplifiers 
Low Supply Current (LF155) 


| | LFI55A/355A/155/355 


High Speed (LF156) 
FEATURES DESCRIPTION 
= Guaranteed Offset Voltage Drift on All Grades Linear Technology’s LF155/156 series features several 
= Guaranteed Slew Rate on All Grades improvements compared to similar types from other man- 
= Guaranteed Low Input Offset Current 10pA Max: ufacturers: offset voltage drift with temperature and slew 
= Guaranteed Low Input Bias Current 50pA Max. rate are guaranteed on all grades, not just on the more 


= Guaranteed High Slew Rate (156A/356A) 10V/ps Min. expensive ‘‘A’’ grades. Other specifications such as volt- 
= Fast Settling to 0.01% 1.5ys age gain and high temperature bias and offset currents 


are also improved. 
The industry standard LF155/156 devices exhibit phase 12 | 


reversal at the output when the negative common-mode 
APPLICATIONS limit at the input is exceeded (i.e., from —12V to —15V 
® Output Amplifiers for D/A Converters with +15V supplies). This can cause lock-up in servo 
# Fast Sample and Hold Circuits systems. As shown below, Linear Technology’s LF155/ 156 
® High Speed Integrators does not have this problem due to unique phase reversal 
= Photocell Amplifiers protection circuitry. For applications requiring higher per- 
® High Input Impedance Buffers formance, see the LT1055 and LT1056 data sheets. 


a 


Voltage Follower with Input Exceeding the Negative 
Common-Mode Range 


INeUT fi 
tov/DV 1 
0.5ms/DIV Fj 


ourput 
LINEAR TECH Ij 
155/156 i 
t0v/DIV 


LFIS5SA/355A/155/355 


LFI56A/356A/156/356 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 
Supply Voltage T 
eicsasiee Seek: cs, ORDER PART NUMBER 
LF156A/156/356A ....0. 02, +22V 
BF355 7/356) os ate SM ee As + 18V 
Differential Input Voltage 
LF155A/155/156A/156............ 0. + 40V Tee EL, 
LF355A/355/356A/356................ +30V (FS56H  LESS6H 
input Voltage (Note 1) LF355AH LF356AH 
LF155A/155/156A/156............... +20V 
LF355A/355/356A/356............... + 16V METAL CAN 
Output Short Circuit Duration............. Indefinite 
Operating Temperature Range ‘fb 
LF155A/155/156A/156....... — 55°C to 125°C TORI 
LF355A/355/356A/356........... 0°Cto 70°C LF355N8  LF356N8 
Maximum Junction Temperature LF355AN8 LF356AN8 
LF155A/155/156A/156............... 150°C 
LF355A/355/356A/356 ............0.. 100°C 
Storage Temperature Range Vos is adjusted with a 20k or 50k _| 
AllDevices ...............04. —65°C to 150°C BIN PLASTIC potentiometer between the balance 
Lead Temperature (Soldering, 10sec.)........ 300°C sormlnas deiner eee 


ELECTRICAL CHARACTERISTICS (note 2) 


Te T % 
LFI55A/156A 
LF155/156 LF355/356 
SYMBOL | PARAMETER CONDITIONS LF355A/356A UNITS 
MIN TYP 
1. +. 
Vos Input Offset Ty =25°C 
Voltage Over Temperature 
355A/356A 
AVos Average TC of Rs =502 
AT Input Offset 
| ___ Voltage 
Change in Rg =502 (Note 4) 
Average TC with 
Vos Adjust 
los Input Offset Tj=25°C (Note 3) 
Current Tjs 125°C 
T= 70°C 
lp [Input Bias 1 =25°C (Note 3) 
Current 7) s125°C 
T= 70°C 
Rin Input Ty= 25°C 
{Resistance 
Avot Large Signal Vg = + 15V, Ty = 25°C, 
Voltage Vo= + 10V, Ry =2k 
Gain Over Temperature 
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LF1I55A/355A/155/355 
LFI56A/356A/156/356 


ELECTRICAL CHARACTERISTICS (note 2) 


LF155A/156A 
LF155/156 LF355/356 
SYMBOL | PARAMETER CONDITIONS LF355A/356A 7 UNITS 
MIN. TYP MAX; MIN TYP MAX| MIN TYP MAX 
1 F Te =a 
Vo Output Vg= +15V,R,=10k |@) +12 £13 #12 +13 +12 +13 v 
Voltage Vg = + 15V, Rp =2k e@| +10 +12 +10 +12 +10 +12 Vv 
Swing es 
—- 4 }_ Ae 
Vom (Input 
Common-Mode | Vg= + 15V @| +11) +15.1 £11 415.1 +10 +15.1 Vv 
Voltage Range | —12 4 —12 -12 
CMRR Common-Mode el. 85 100 85 100 ~T 80 100 dB 
Rejection Ratio |_| Ls 
PSRR T Supply Voltage | Vg=+10Vto+18V |@| 85 100 8 100 ae : dB 
Rejection Ratio | Vg=+10Vto +15V |@ = a 80 100 dB 
| + r 
ig Supply Current | Ta~=25°C, Vg= + 15V 
LF155/355 Series 2 4 2 4 mA 
LF156/356 Series 5 7 5 mA 
hh |_LF356A mA 
SR Slew Rate Ay=+1 
Ty = 25°C, Vo= + 15V 
LF155/355 Series 
_ LF156/356 Series 
GBW Gain Bandwidth Ty= 25°C, Vo= + 15V 
Product LF155/355 Series : ; . 
LF156/356 Series 4 5 5 5 
ts Settling Time T= 25°C, Vo= + 15V 
to 0.01% LF155 Series (Note 5) 4 4 4 us 
LF156 Series 1.5 1.5 1.5 ps 
Cy Input Noise Ty = 25°C, Vg = + 15V 
Voltage f= 100Hz 
Density LF155 Series 25 25 25 nv/VHz 
|_LF156 Series ois 15 | 15 15 nv/VHz 
f=1000Hz 
LF155 Series 20 20 20 nv/VHz 
LF156 Series | 12 | 12 | 12 nv/VHz 
in |" {nput Noise Ta = 25°C, Vg= + 15V 
Current f=100Hz 0.01 0.01 0.01 pA/ Viz 
| Density [ft = 1000Hz 0.01 0.01 | 0.01 pA/ Vz 
Cw Input e 3 3 3 pF 
_|__ Capacitance <4 | 
The @ denotes the specifications which apply over the full operating Note 3: The input bias currents are junction leakage currents which 
temperature range. The shaded electrical specifications indicate those approximately double for every 10°C increase in the junction 
parameters which have been improved or guaranteed test limits provided temperature, Tj. Due to limited production test time, the input bias cur- 
for the first time. rents measured are correlated to junction temperature. In normal opera- 
For MIL-STD components, please refer to LTC 883C data sheet for test tion the junction temperature rises above the ambient temperature as a 
listing and parameters. result of internal power dissipation, Pp. Tj=Ta+ Ja Pp where Oy, is 


the thermal resistance from junction to ambient. Use of a heat sink is 

recommended if input bias current is to be kept to a minimum. 

Note 4: The temperature coefficient of the adjusted input offset voltage 

changes only a small amount (0.5pV/°C typically) for each mV of adjust- 

ment from its original unadjusted value. Common-mode rejection and 
LF355/356 open loop voltage gain are also unaffected by offset adjustment. 

Vg = +15V Note 5: Settling time is defined here for a unity gain inverter connection 

oC <Tas +70°C using 2kQ resistors. It is the time required for the error voltage (the 

voltage at the inverting input pin on the amplifier) to settle to within 

and Vos, Ig and log are measured at Vom =0. 0.01% of its final value from the time a 10V step input is applied to the 

inverter. 


ne 
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Note 1: Unless otherwise specified, the absolute maximum negative 
input voltage is equal to the negative power supply voltage. 
Note 2: Unless otherwise stated, these test conditions apply: 


LFISSA/ 156A 
LF15S/156 


21VZVg<+20V | +15VsVg< + 18V 
—55°C <Ta = +125°C | °C STAs +70°C 


LF355A/356A 


Supply Voltage, Vg 
Ta 


LFISSA/355A/155/355 
LFIS56A/356A/156/356 


TYPICAL PERFORMANCE CHARACTERISTICS 


Normalized Slew Rate vs 


Gain, Phase vs Frequency Inverter Settling Time Temperature 
20 Tame 100 z 
Vs= + 15V) 
15 TTT 80 
So UHIN AAAs (TTS i AOI 
& 5 TH PHASE 40a | 
z L155 LF186 g ail 
20 +4 20 
: NGS 
-5 +4 0 in Hh 
-10 —-20 
0.1 0.9 t 3 10 30 100 01 10 10 -75 -25 25 75 125 
FREQUENCY (MHz) SETTLING TIME (ys) TEMPERATURE (°C) 
Supply Current vs LF156 Large Signal LF156 Small Signal 
Temperature Response Response 


5V/ DIVISION 


SUPPLY CURRENT (mA) 
20mV/ DIVISION 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 
H Package Metal Can N8 Package 8 Lead Plastic 


0.355-0.370 
(9.017 -- 9.398) 
DA 


0.306 ~ 0.335 Se 
(7.747 - 8.509) f 
0.049 r OIA 4 
(1.016) 1050 q $2000.08 
MAX (1.270) 0.165 0.185 ay Oca 
a MAX (4.191 4.699) { 
———s 
060 


— rn oo 
a a lee a 
‘ | ag 0.016.021 ‘i Fea 


0.370 0.400 
ae {(8.400-10.16) Py 
a 45° 
i IP o.t27) are 
ie cr 
0.155 0.175 
B.937— 4.445} 


0.125-0.130 ois! ous : i 
(8.175 —3.302) (2.921 — 3.683) i hs 
j 0.930—0.060 mal Leorsse 9,006 -0.015 
{0.762—1.524) (0.203 — 0.381) 
0.108. TP 1 
= 0.014—0.023 0.290—0.310 
Te ro (7.386 7.874) 


“LEADS WITHIN 0.007 OF TRUE POSITION {TP) AT GAUGE PLANE 


2-274 LY Wee 


LIN 


TECHNOLOGY 


FEATURES 
= Internally Trimmed Offset Voltage 1mV Max. 
® Offset Voltage Drift 10nV/°C Max. 
= High Slew Rate 10V/us Min. 
= Wide Bandwidth 3.5MHz Min. 
= Low Supply Current per Amplifier 1.8mA Typ. 
= Low Input Bias Current 10pA Typ. 
= Standard 8-Pin Configuration 
= All Packages Available: Metal Can 
Hermetic DIP 
Plastic DIP 


APPLICATIONS 


= Sample and Hold Amplifiers 

= Output Amplifier for Dual Current Output DACs 

= High Speed Integrators 

= Photocell Amplifiers 

® High Input Impedance Instrumentation Amplifiers 


LFAI2ZA/OP-215 


Dual Precision JFET Input 
Operational Amplifiers 


DESCRIPTION 


Linear Technology's LF412A and OP-215 series of dual 
JFET input op amps feature several improvements com- 
pared to similar types from other manufacturers. 


Both devices have lower input bias and offset currents 
over the entire temperature range, and are available in all 
standard 8-pin packages. 


In addition, Linear’s LF412A has lower voltage noise and 
higher voltage gain. Linear’s OP-215 supply currents are 
nearly hatved. 


Please see the LT1057/LT1058 data sheet for applications 
requiring higher performance. The LT1057 is a pin com- 
patible JFET input dual, the LT1058 is a JFET input quad 
op amp in the standard 14-pin DIP configuration. 


Slew Rate 


SLEW RATE (V/s) 


75 100 «125 


it} 25.50 
TEMPERATURE (°C) 


7 WEAR 


Voltage Noise Density vs Frequency 


VOLTAGE NOISE DENSITY (nV/VHz 


1k 10k 


0 100 
FREQUENCY (Hz) 
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LF412A/OP-215 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 

LFAI2AMIAC, OP-215A/E.........cccceseee eee ers +22V 

LFAI2MIC, OP-215CIG .........eccceeeeeeuenees +18V 
Internal Power Dissipation.................eceae. 670mW 
Operating Temperature Range 

LF412AMIM, OP-215A/C..............5 - 55°C to 125°C 

LF412ACIC, OP-215E/G oo... eee cee eee 0°C to 70°C 
Differential Input Voltage 

LF412AMIAC, OP-215A/E............cceeeee evens +40V 

LFA12MIC, OP-215CIG. 00... eee ec ecesecuaeaes +30V 
Input Voltage (Note A) 

LFA12AMIAC, OP-215A/E... 0... cece ec ee eee ees +20V 

LF412MIC, OP-215CIG ..........eceeaeeeeneeeees +16V 
Output Short Circuit Duration..............0068 Indefinite 
Storage Temperature Range............. ~ 65°C to 150°C 
Lead Temperature (Soldering, 10 sec).............. 300°C 


Note A: Maximum negative input voltage is equal to the negative supply 
voltage. 


PACKAGE/ORDER INFORMATION 


TOP VIEW 


ORDER PART 
NUMBER 


LF412AMH OP-215AH 
LF412MH OP-215CH 
LF412ACH OP-215EH 
LF412CH OP-215GH 


V— (CASE) 
H PACKAGE METAL CAN 


TOP VIEW 
7, 


LF412AMJ8 OP-215Au8 
LF412MJ8 OP-215CJ8 
LF412ACJ8 OP-215EJ8 
LF412CJ8 OP-215GJ8 
LF412ACN8 OP-215EN8 
a eke OP-215GN8 


J8 PACKAGE HERMETIC DIP 
N8 PACKAGE PLASTIC DIP 


Vs = + 20V for LF412A, Vg = + 15V for all other grades. 


ELECTRICAL CHARACTERISTICS \;,, «ov, 1, =25°c unless otherwise noted. 


SYMBOL | PARAMETER CONDITIONS 


Vos Input Offset Voltage - 
log Input Offset Current | T;=25°C (Note 1) -_ 
Warmed-Up 


Ve= + 15V 


OP-215A/E 


lp. Input Bias Current 


Input Resistance 


Tj= 25°C (Note 1) 
Warmed-Up 
Vg= + 15V 


Large Signal 


RL 2 2k0, Vo= + 10V 


Voltage Gain Vg= + 15V 

Vo Output Voltage R, = 10k0, Vg = + 15V 
Swing Ry, = 2k0, Vg = + 15V 
Supply Current 


Settling Time 


Input Voltage Range 


Stew Rate Vg= 2 15V 


Gain Bandwidth Vg = + 15V (Note 2) 
Product 


to0.01% 
to.0.10% 


CMRR Common-Mode 


Rejection Ratio 


Power Supply 


Voltage Density 
in Input Noise 


Rejection Ratio Vg= + 10V to + 18V 
e, Input Noise fy = 100Hz 


Vom = + 16V 
Vow = +11V 
Vow = + 10.5V 
Vg = + 10V to + 20V 


£12 
#11 


£13 


+127 


—- 


MAX 


LF412AMIAC 


LF412, OP-215C/G 
MIN TYP IN 


MAX TYP MAX 


- 1000 «(300 = 50 200 = 


+13 - 
+127 


+12 
+11 


fy= 1000Hz 
fo= 100Hz 
fo= 1000Hz 


Current Density 
Channel Separation | f= 1Hzto 20kHz 
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LF412A/OP-215 


a ne 
Vg = + 20V tor LF412A, Vs = + 15V for all other grades. 


ELECTRICAL CHARACTERISTICS Vom =0V, - 55°C <T,<125°C unless otherwise noted. 


OP-215A LF412AM LF412M, OP-215C 
SYMBOL | PARAMETER 4 CONDITIONS MIN. TYP MAX] MIN TYP MAX| MIN TYP MAX| UNITS 
oy 
Vos Input Offset Voltage e|; - 05 20 - 07 20 4 mV 
Average Input Offset eo; — 3 10 pVi°C 
Voltage Drift (Note 3) 
log (nput Offset Current T= 125°C (Note 1) - 08 8 | nA 
Ty = 125°C, Warmed-Up -~ 12 14 nA 
Vg = +15V 
Ig Input Bias Current Tj= 125°C (Note 1) e +15 +10 nA 
Ty = 125°C, Warmed-Up | @ +22 +18 nA 
4 [Vg=21V 
Input Voltage Range OP-215 @ | +103 : i - - v 
LF412 e 
1 ae 
CMRR Common-Mode Rejection | Voy= + 16V e 
Ratio Vom= +11V e 
es Vou = + 10.3V e 
Ig _| Supply Current e 
PSRR Power Supply Rejection Vg = + 10V to +20V e 
Ratio [Vs= +10V to + 16V e 
Avo. Large Signal Voltage Gain | R,22k0, Vo= + 10V e 
Vs = +15V : S 
Vo | Output Voltage Swing | R.210k9, Vs= + 15V @)+12 +13 - +12) +13 - 412 +13 - Vv 
Vou = OV, 0°C <T,<70°C unless otherwise noted. 
] OP-215E LF412AC LF412C,OP-215G | 
SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX| MIN TYP MAX| MIN TYP MAX| UNITS 
Vos | Input Offset Voltage { eo; - 04 1.65 - 05 1.45 § mV 
Average Input Offset e|; -— 3 15 - 4 10 VPC 
Voltage Drift (Note 3) 
los input Offset Current | T)= 70°C (Note 1) e| — 00 04 | nA 
T,= 70°C, Warmed-Up @; - 0.08 08 nA 
Vs = +15V 
\g Input Bias Current 1 7,=70°C (Note 1) @); — +012 +07 nA 
Ty= 70°C, Warmed-Up e — £016 £14 nA 
Vs =+15V 
a T 
Input Voltage Range OP-215 
LF412 e 
CMRR =| Common-Mode Rejection | Vow = + 16V 
Ratio Vows 2 11V 
Vom = + 10.3V 
\ Supply Current | @ | 
PSRR Power Supply Rejection Vg = + 10V to +20V e 
_| Ratio _[Vs= + 10V to + 16V ® 
Avot Large Signal Voltage Gain | R,>2kQ, Vo= + 10V e 
in | Vs = +15V 
Vo | Output VoltageSwing | R, 2 10kQ, Vs= + 15V @j)2+12 +1 — +12 £13 —_ {#12 +13 - Vv 
The @ denotes the specifications which apply over the full operating tem- warmed-up specification is with the device operating in a warmed-up condi- 
perature range. The shaded electrical specifications indicate those pa- tion at the ambient temperature specified. 
rameters which have been improved or guaranteed test limits provided for Note 2: Gain-bandwidth product is not tested. It is guaranteed by design 
the first time. and by inference from the slew rate measurement. 
Note 1: Input bias and offset currents are specified for two different condi- Note 3: The LF412A is 100% tested to this specification. All other grades 
tions. The T specification is with the junction at ambient temperature; the are sample tested. 
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LF4I2A/OP-215 


TYPICAL PERFORMANCE CHARACTERISTICS 


{0.457 4 0.076) 


Open-Loop Frequency Common-Mode Rejection Ratio Power Supply Rejection Ratio 
Response ys Frequency vs Frequency 
120 120 140 
_100 400 g 120 
8 2 
= 
FA 4 100 
2 gs 5 a POSITIVE 
z= = 8 SUPPLY 
4 £ rr] 
> 40 2 = 60 
s Pa] 
s & 
= 20 3B 40 
i g 
9 S 20 
20 0 
1 10 100 1k 10k 100k 4M 10M 100M 10 100 1k 10k 100k 1M 10M 10 400 1k 10k =6100k «61M = =—10M 
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz 
PACKAGE DESCRIPTIONS Dimensions in inches (millimeters) unless otherwise noted. 
H Package 
TO-5 Metal Can 
0.335 -0.370 
(8.509-9.358) i. 
DIA yy 
0.305 - 0.338 e 0.027 -0.045 
i eee Md ns < io686—1.143) 
(7076) Tos (C.686—0.864) 1 
wax (270) 0.165—0.185, 0.200 0.230 
‘a MAX 181 — 4.609) B.0g0— 5.842} 
} REFERENCE BSC 
ae 4 GAGE 0.500 — 0.750 
0.010~0.045 Hill i Ml ON = 9 
ae ¥ 
ehiotay | 0.016-0.021 
{5-406 ~0.533) 0.110 0.160 
TP (2.794= 4,064) 
INSULATING 
‘STANDOFF 
NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN 
Tymax 4a 4, THE REFERENCE PLANE AND SEATING PLANE, 
185°C 140°C 40°CIW oo. 
J Package N Package 
8 Lead Cerdip 8 Lead Molded Dip 
0.005, 0.400 
(10.287) MAX 
0.0% | m [7 fe) GL 
(5) WT] [ej [5] i} 
0.250 + 0.010 
0.220-0,310 (6.350 0,254) 
(5.588 ~ 7.874) 
0.200 
| ra My (5.080) 9.300 -0.320 0.048 0,065 0.1304 0.005 
(1.397) MAX (7.620 — 8.128} (1143 7.651) (3,302 # 0.127) 
is 0,015 0.060 0085 — 
(0,381 ~ 1/524) re) t on ) 
0.008—0.018 o°-18° 0,009~0.015 
(0-203—0,460) Sah 
+0.025 
fue 2.850.025, | as =0008__tf 1428 9.325 0.015 0.045 0.015 
(9.779 + 0.695) 360 - 0.660) 3075, 0.635) i 
* J . ae re 255 75 =| ane 610 | 0.018 0.003, 
0.1004 0.010 (2.540 + 0.254) 
(2.540 + 0.254) 


0.038 — 0.068 | 
(0.965 ~- 1.727) 
Tmax 
155°C 


5a 
100°CW 


cory 


ja 
130°C 


Tjmax 
118°C 
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LH2108A 
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FEATURES 


= Guaranteed 2nA Max. Input Bias Current 

= Guaranteed 600yA Max. Supply Current 

= Guaranteed 0.5mV Max. Offset Voltage 

a Guaranteed SpV/°C Max. Drift 

« Wide Supply Voltage Range: +2V to + 20V 

«= Interchangeable with Other Manufacturers’ LH2108 


APPLICATIONS 


= Integrators 

= Transducer Amplifiers 
# Analog Memories 

= Light Meters 


Operational Amplifiers 


DESCRIPTION 


The LH2108A series of precision operational amplifiers is 
particularly well suited for high source impedance appli- 
cations requiring low offset and bias currents, as well as 
low power dissipation. Unlike FET input amplifiers, the 
offset and bias currents of the LH2108A do not change 
significantly with temperature variations. Advanced de- 
sign, processing and testing techniques make Linear’s 
LH2108A a superior choice over previous devices. 


For higher performance dual amplifiers, see the LT1024, 
LT1002, and LT1013 data sheets. 


Fast Precision inverter 


30pF 
= *1% METAL FILM 
FULL POWER BANDWIDTH = 2MHz 
SLEW RATE = 50V/ps 


0.1Hz to 10Hz Noise 


Ta= 25°C 
Vs+2V to + 20V 


NOISE VOLTAGE (400nV/DIVISION) 
— 
if 
al 
i | 
— — - 


TIME (SECONDS) 
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LH2108A 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage... ee + 20V | ORDER PART | 
Differential Input Current (Note 1) .......... +10mA ‘ata nha NUMBER 
Input Voltage (Note 2)... 2.0.0... + 15V our comp ca [2] Pa] e 

Output Short Circuit Duration............. Indefinite eae Fa aaah 

Operating Temperature Range ...... ~55°C to 125°C NOMVERTING NPUT (A FZ] wvermmcweure) §— | LH2108AD/883B 
Storage Temperature Range ....... —65°C to 150°C if aes etna 
Lead Temperature (Soldering, 10 sec.)........ 300°C oureur Fy Pav LH2108D 


J 


u 


SS Sa Sy ar SS Ss SS 
ELECTRICAL CHARACTERISTICS +5V<Vs< + 20V and —55°C <T, <125°C unless otherwise noted. 


LH2108A LH2108 
vere PARAMETER CONDITIONS [| MIN TYP MAX |_MIN TYP Max f UNITS 
Vos Input Offset Voltage Ta=25°C 0.3 0.5 0,7 2.0 mV 
| | | 1.0 3.0 iL mv 
AVos Average Temperature Coefficient 1.0 5.0 3.0 15 wV/°C 
Atemp of Input Offset Voltage 
los | _Input Offset Current Th=25°C 0.05 02 | 0.05 0.2 | nA 
0.4 0.4 nA 
Alog | Average Temperature Coeffcient | 7 0.5 25 0.5 25. | paseo 
“Alemp: of Input Offset Current 
7 {| | 
Ig | Input Bias Current T Ta=25°C 05. 2.0 05° #20 | + -A 
3.0 3.0 | mA 
Avo. _| Large Signal Voltage Gain Ta= 25°C, Vo= + 15V, 80 300 50 300 V/mv 
Vour= + 10V, Ry = 10kQ 40 25 V/mv 
CMRR Common Mode Rejection Ratio { 96 110 | 85 100 az dB 
PSRR Power Supply Rejection Ratio . 96 110 80 96 ia dB 
| Input Vottage Range "| We= = 1V yr135 2135 | V 
Vout Output Voltage Swing | Ve= + 15V, RL = 10k0 [23 £14 4130 +14 | Vv 
Rin [iat Resistance il Ta= 25°C 30 70 30 70 [wo 
ig Supply Current Ty=25°C r 03 06 03. 06 | mA 
ibe L Ty = 125°C ile 0.15 0.4 0.15 0.4 mA 
Note 1: Differential input voltages greater than 1V will cause excessive Note 2: For supply voltages less than + 15V, the maximum input 
Current to flow through the input protection diodes untess current limiting voltage is equal to the supply voltage. For typical performance, see 
resistance is used. LM108A data sheet. 
COMPENSATION CIRCUITS Feedforward Compensation 
ce 
Standard Compensation Circuit Alternate Frequency Compensation 5 pF 
a1 R2 R1 R2 
~Vw —Vn 


Vout 


+Vin +Vin 
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FEATURES 


= Guaranteed Operation at +1.2V 

= Op Amp and Reference on Single Chip 
= Low Supply Current 400pA 

= Capable of Floating Mode Operation 

= Low Reference Drift 20ppm/°C 

= Low Offset Voltage 

= Output Swings to Within 15mV of Rails 


APPLICATIONS 


= Remote Signal Conditioner / Transmitter 
= Battery Operated Instruments 

® Precision Current Regulators 

= Precision Voltage Regulators 

= Thermocouple Transmitter 


LM10 


Low Power Op Amp 
and Reference 
DESCRIPTION : 


The LM10 combines a precision reference, a reference 
buffer amplifier and an independent, high quality op amp 
ona single chip. The device is capable of operation from a 
single supply as low as 1.1V, from dual supplies up to 
+ 20V and typically draws 270A supply current. Input 
voltage range for the op amp includes ground, while the 
unloaded output can swing to within 15mV of each rail. 
Further, the LM10 will deliver 20mA output current and 
still swing within +. 400mvV of the supply rails: 


With its low operating current and floating operation 
capability, the LM10 is ideal for two wire analog trans- 
mitter circuits where the processed signal is carried on 
the same line used for power. The LM10 is suggested for 
portable battery powered equipment and is fully specified 
for operation from a single 1.2V battery. Other applica- 
tions include precision current and voltage regulators, 
operating from very low voltages to several hundred 
volts. 


+1.5V to +5V Converter 


15k 


TO CMOS 
SYSTEM 


T1 =STANCOR PCT-39 
D1, D2=1N933 (GERMANIUM) 

Q1, 02 =2N2222A 

R=OUTPUT ADJUST 

THIS 1.5V BATTERY, TO 5V OUTPUT DESIGN 


CAN DRIVE LOW POWER CIRCUITRY FOR MONTHS. 


Line Regulation 


REFERENCE CHANGE (%) 


10 
TOTAL SUPPLY VOLTAGE (V) 


2-281 


LM10 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Total Supply Voltage [ ToP View ORDER 
LM10/LM10B/LM10C .................. 45V ee PART NUMBER 
EMIOBLZEMI10CL ssc s< ote ete 7V ae 

Differential Input Voltage (Note 1) OUTPUT LM10H 
LM10/LM10B/LM10C ................ +£40V LM10BH 
LMI0BL/LM10CL... oe eee +7V oP Ave ee 

Output Short Circuit Duration............. Indefinite LM10BLH 

Operating Temperature Range (Note 2) LMt0CLH 
LMAO 2s 5 deine feel ke —55°C <Ta <125°C sas chee . 
LM10B/LM10BL .......... — 25°C <Ta <85°C sas LM10CN8 
LM10C/LM10CL ............. 0°C <Ta <70°C ene nals LM10CLN8 

Storage Temperature Range.... —65°C <Ta <150°C OP AMP ya LM10CJ8 

Lead Temperature (Soldering, 10sec.)........ 300°C ae edi LM10CLJ8 

INPUT (+) OUTPUT 
v- BALANCE LM10J8 
LM10BU8 
[ NB PLASTIC DIP PACKAGE | LM10BLJ8_— | 


OP AMP ELECTRICAL CHARACTERISTICS (note 3) 


LM10/LM10B 


LM10C 


SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vos input Offset Voltage 03 20 | 05 40 | mW 
3.0 5.0 | mV 
AVos Average Offset 2.0 5.0 pV/°C 
“Atemp Voltage Drift i 
los Input Offset Current (Note 4) 0.25 0.7 I 0.4 2.0 nA 
1.5 | 3.0 nA 
Alos Offset Current 2.0 5.0 iF pA/°C 
Aiemp Drift 


Large Signal Vs = + 20V, lout =0, Vout = + 19.95V 


Voltage Gain 
Vg = + 20V, Voyt = + 19.4V 


lout = + 20mA 50 = 130 25 =: 130 V/mvV 
lour= + 15mA 20 15 V/mv 
Vs= +0.6V, Sour = + 2MA 7 
Vout = + 0.4V, Vow = —0.4V 3.0 : 1.0 3.0 me V/mV 
Vs = +0.65V, loyr= + 2mA 
Vout = + 0.3V, Voy = —0.4V 0.5 | 0.75 v/mv 
Shunt Gain (Note 5) 0.1mA <toy7<5mA, Ri =1.1kQ 
1.2V.<Voy7 s 40V 14-33 10-33 V/mv 
1.3V <Vours 40V 6 6 V/mvV 
0.1mMA <loyzs 20mA, R, = 2502 | 
1.5V<V* <40V 8 25 6 25 V/mvV 
4 | 4 _{_V/mv 
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OP AMP ELECTRICAL CHARACTERISTICS (Note 3) | 


SYMBOL PARAMETER CONDITIONS iar Oe MA MIN pg MAX UNITS 
Common-Mode Vs = + 20V T 
Rejection Ratio —20V <Voys 19.15V 93 102 90 102 dB 
—20V < Vows 19V | 87 87 dB 
PSRR Power Supply -0.2VeV7 = —-39V 
Rejection Ratio vt =1.0V 90 96 87 = 96 dB 
Vt =1.1V 84 84 dB 
Vo = ~0.2V 
1.0V<V* <39.8V 96 = 106 93 106 dB 
11V<V* <39.8V 90 90 dB 
Rw Input Resistance (Note 6) 250 500 150 400 kQ 
150 115 kQ 
\s Supply Current pA 
pA 
Als Supply Current 1.2VsV5<40V 


$b 


Change 1.3VsV5<40V 


SYMBOL PARAMETER CONDITIONS MEH? Sanyo ama UNS 
Feedback Sense Voltage at Pin 1 with Pin 1 195 200 205 190 200 210 mV 
Voltage Connected to Pin 8 194 200 206 189 200) att mv 
AVper Reference Drift 0.002 0.003 %/°C 
ATemp 
Feedback Current Current into Pin 8 26250 | 22 «75 | nA 
65 90 | nA 
Line Regulation O< pers IMA, Var = 200MV ‘ 
1,2V<Vs<40V 0.001 0.003 0.001 0.008 %IN 
1.3VsVs<40V 0.001 0.006 0.001 0.01 %/IV 
Load Regulation O<Ipeps IMA / 
Vt —Vper = 1.0V 0.01 0.1 0.01 0.15 % 
V+ —Vper> 1.1V 0.01 0.15 0.01 0.20 % 
Reference Amplifier 0.2V = Vper = 35V 75 70 | V/mV 
Gain V/mv 
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SS i SS 
OP AMP ELECTRICAL CHARACTERISTICS (Note 3) 


SaaS Eee 


LM10BL 


LM10CL 


SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP. MAX UNITS 
Vos Input Offset Voltage 0.3 2.0 05 40 mV 
3.0 5.0 mv 
AVos | Average Oftset Te 2.0 5.0 BV/°C 
ATemp Voltage Drift | ! 
los Input Offset Current (Note 4) + 0.1 0.7 0.2 2.0 nA 
L e 1.5 3.0 nA 
los Offset Current Tel 20 5.0 pA/°C 
ATemp Drift 
ip r Input Bias Current | 10 20 12 30 nA 
pe 30 40 nA 
Alg + Bias Current Drift 60 90 pA/°C 
ATemp 
AvoL Large Signal Vs=+3.25V, loyr=0, Vour=23.2V | | 60 300 40 300 V/mvV 
Voltage Gain e L 40 25 V/mvV 
Vg = +3.25V, Vout = + 2.75V 
lour= + 10mA 1025 5 25 V/mvV 
4 3 V/mV 
lour = + 2mA, Vom = — 0.4V li 
Vg = +0.6V, Voyp= 4 0.4V 15 3.0 1.0 3.0 V/mv 
Vs = + 0.65V, Voyy = + 0.3V 0.5 0.75 V/mV 


Shunt Gain (Note 5) 


0.1mMA <lIoyrs 10mA, R, = 5000 
1.5V<V* <6.5V 


@) 4 4 V/mV 
FT 2, ZL 
CMRR Common-Mode Vs = + 3.25V 
Rejection Ratio —3.25V<Voys2.4V 89 =: 102 80 = 102 dB 
—3.25V< Voy < 2.25V 83 74 dB 
PSAR ‘ Power Supply [-0.vEV- = —5.4V an 
Rejection Ratio vt =1.0V 86 = «96 80 96 dB 
Vt =1.2V | 80 74 dB 
PSRR | V-=—0.2V 
1.0V<Vt <6.3V 94 106 80 106 dB 
1.1V<Vt <6.3V 88 | 74 dB 
Rin Input Resistance (Note 6) 250 500 150 400 kQ 
e 150 115 kQ 
Ig Supply Current 260 400 280 500 pA 
500 570 HA 
—— i mi 
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Es 


LM10BL 


LM10CL 


SYMBOL PARAMETER CONDITIONS | MIN TYP MAX MIN TYP MAX UNITS 
Veer Feedback Sense Voltage | Voltage at Pin 1 with Pin 1 | | 195 200 205 190 200 210 mv 
4 | Connected to Pin 8 = @| 194 200 206 189 200 «211! mV 
AVrer Reference Drift e 0.002 0.003 %/°C 
ATemp - le : 
Feedback Current Current into Pin 8 20 «50 22-75 | nA 
e 65 90 nA 
_| | "4. - 
Line Regulation 0< pep 3 0.5MA, Vpep = 200MV 
1.2V<Vs<6.5V 0.001 0.01 0.001 0.02 %/V 
1.3V<Vs5<6.5V = e 0.001 0.02 bis 0.001 0.03: HIN 
Load Regulation OS Iyer = 0.5MA i 
V+ Veer > 1.0V 0.01 0.1 0.01 0.15 % 
V+ —Vper= 1.1V ze 0.01 0.15 0.01 0.20; % 
| Reference Amplifier Gain 0.2V 5 Vper = 5.5V 30 70 20 «70 V/mvV 
_| e| 20 15 V/mV 


The @ denotes the specifications which apply over full operating temper- 
ature range. 
Note 1: The input voltage can exceed the supply voltages as long as the 
voltage from the input to any other terminal does not exceed the max- 
imum differential voltage, and the maximum junction temperature is not 
exceeded due to the excess power dissipation that occurs when the input 
‘voltage is fess than the negative supply voltage. 
Note 2: The maximum operating junction temperatures are: 150°C for 
the LM10; 100°C for the LM10B and LM10BL; and 85°C for the LM10C 
and LM10CL. Package derating factors will be found on the back page of 
this data sheet. 
Note 3: These specifications apply for the following conditions unless 
otherwise noted: 
at 25°C over temperature 

(a) V7 SVowsV* —0.85V V7 sVomsV* —1.0V 

(b) 1.2V Vg S Vmax 1.3V <Vs5 = Vax 
Vper=0.2V and 0 <Ipee s1.0MA where Viyax = 40V for the LM10, 
LM10B and LM10C and Viyax=6.5V for the LM10BL and LM10CL. The 
specifications do not include errors due to thermal gradients (74 = 20ms), 
die heating (70.2 sec) or package heating. 


Note 4: For T)>90°C, Igg may exceed 1.5nA when Voy=N~. When 
the common-mode input voltage is within 100mV of the negative supply 
and T)= 125°C, the offset current will be less than SnA. 

Note 5: Shunt gain defines the operation in floating applications when 
the output is connected to the V* terminal and input common-mode is 
referred to V~ (see typicai applications). The effects of larger output 
voltage swing with higher Joad resistance can be accounted! for by adding 
the positive supply rejection error. 

Note 6: Guaranteed by design. 


LT Wen 
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TYPICAL PERFORMANCE CHARACTERISTICS (0 amp) 


Input Current 


ims oe ee aS 


15 


INPUT CURRENT (nA) 


—50 —25 0 25 50 75 100 = 125 
TEMPERATURE (°C) 
Input Noise Voltage 
ik : 
r ii Ay> Hed 
& 
3 | Rg=1M 
ra 
ol 
oi TH Rg = 100k 
5 
a 
2 
Rs=0 
10 UU ih 
10 100 1k 10k 100k 
FREQUENCY (Hz) 
Output Saturation 
Characteristics 
= 
8 
& 
8 
z 
=] 
= 
é 
3 


—0.3 —0.2 0.2 


-01 0 
OFFSET VOLTAGE CHANGE (mV) 


0.1 


Common-Mode Limits 


0 
-0.5 
= 
2-10 
= 
a 
iw 
i=) 
= 
s 
= 0 
= 
a 
oO 
-0.5 AVos< 0.5mV 
Alos< 2nA 
Aig < 10nA 
—1.0 —L ah pee 
-50 -25 0 25 50 7 100 125 
TEMPERATURE (°C) 
DC Voltage Gain 
s 
2 
3 
re 
5 
s 
100k 10k tk 100 
LOAD RESISTANCE (92) 
Output Saturation 
Characteristics 
1.0 
eee, ae tour 2m 
S 2 om” 
go 
a 
S 0.05 
Ss 
Ee 0.02 
Sa Je 
wn 
0.005 t+ 
0.002 
0.001 
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 
OFFSET VOLTAGE CHANGE (mV) 


Offset Voltage Drift 

0.5 ~—— 
se ime 
rey 
Fo 
- if 
5 : Si is 
> | 
~0.5 

—50 -—25 0 25 50 75 100 125 

TEMPERATURE (°C) 
Transconductance 

100 : 

50 a ee =e “Nv 
<= tT, = —55°C oases 
= 00 aS H 
& 10 t 1 L. 
3 = 
g : A 
a 5 Met 
~ 25°C 
a 2 
x 125°C 
> 
F05 
> 
oa 

0.2 

0.41 Jitiil ee ee 

0.01 0.02 0.05 0.1 0.2 05 1.0 

OFFSET VOLTAGE CHANGE (+ mV) 
Output Saturation 
Characteristics 
1.0 
15mA 
0.5 = 
0.2 
S aa —15mA 
yo 
a 0.05 7 2 | IL =0.1mA 
S mal 
S 0.02 0 
S 
= 0.01 
& wee NPN 
& 0.005 —— PNP 
noe (l= —-O.1mA Vg=+2V 

: 7 Ta=125°C 

0.001 
1.0-08-06-04-02 0 02 04 086 


OFFSET VOLTAGE CHANGE (mV) 
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TYPICAL PERFORMANCE CHARACTERISTICS (op amp) 


Minimum Supply Voltage Minimum Supply Voltage Minimum Supply Voltage 
1.8 
—~ 1.6 = Ta= 128°C 
= = = [Vsar=1.0V 
oO lus 
o —_ 
: : : 
pa > 
Eis z = 
2 3 Z 
e 5 = 
F 10 . e 
0.8 0.8 7 
0.3 0.2 0.4 0 ~0.1 ~0.2 0.3 0.2 0.1 0 -0.1 -02 -03 1.5 1.0 0.5 0 -d5 -1.0 -1.5 
OFFSET VOLTAGE CHANGE (mV} OFFSET VOLTAGE CHANGE (mv) INPUT VOLTAGE CHANGE (mV) 
Frequency Response Output Impedance Typical Stability Range 
149, -——+~———_——- 1k -6 Oe 
1.2VsV5<40V = NPN 
120 250 —55°C<Ta= +125 
Ay>1 - 
100 .€ 100 lout = 1ma LY = 10-7 f : { 
S 80 me yg 3 PNP = i 
= m =< a 
& 60 &S lour=0 lour= — 1mA S 
bu ae = -8 aA + 
2 40 190% = % = g 10 = UNSTABLE 
So aD -_ Co 
0 100 1 ° 419-9 bee : i : 
+ 
~20 mmm Ay= 100 ; 
—Ay=1 
=A 50 0.1 40-10 
0.1 #10 10- 100 ik 10k 100k 1M 1k 10k 100k 1M 100 10 1 Of 001 -@1 -1 —10 -100 
FREQUENCY (Hz) FREQUENCY (Hz) LOAD CURRENT (mA) 
Comparator Response Time for Comparator Response Time for 
Large Signal Response Various Input Overdrives Various Input Overdrives 
16 6 6 ——_——- —_—— 
Ss 5 S 
oe 
F 42 = = 4 
pl g 3 S 3 
Lot re [ad 
2 = 2 Zz 2 
ier = 5 
S 4 a 1 So 
= S 0 S 
= = z 
= w 100 w 
5 = 2 
a 50 5 
= 0 S 
g 5 
0 = _50 = 


1k 10k 
FREQUENCY (Hz) 


100k -0.2 0 02 04 0608 10 12 14 16 18 


TIME (ms) 


-02 0 0.2 04 660810 1.214 16 18 
TIME (ms) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Follower Pulse Response Noise Rejection 
J 140 -—>--—F 
40 [+ Vper = 200mV 
N20 PSRR + 
0 RL= 10k = — tS 
S B inn Precteaeel LINE 
4 Bee ag ee : z eS NC REGULATION 
=" —— °c = ‘AS 
i=J po me ee 55°C Fr 80 x 
5 10 i \ 
5 | 2 60 a \ 
3 y g 
0 RL =470 \ 
\ 40 PSRR Sp X 
~10 \ 
L ee] i aN 
0 02 O04 06 O08 1.0 4 10 100 1k = 10k_~— 100k. 4M 
TIME (ms) FREQUENCY (Hz) 
Shunt Gain Shunt Gain 
0 ‘) 
= -0.05 = 
E ig 
wa Ww 
oOo go 
2 -0.10 2 
OQ oo 
& 3 
= 
& 0.15 5 
s = 
2 2 
= —0.20 = 
a ee a Tee a “4 2 3 4 5 6 7 8 
OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V) 


Rejection Slew Limiting 


100 


PSRR + N{ LINE REGULATION 


N 


rs 


‘N 
Ape < 0.1% 
\ 


AVog< 0.1mV 
1.0 -— Me Ns 


MAXIMUM NOISE VOLTAGE (Vp-p) 


0.01 


100 1k 10 100k 1M 
FREQUENCY (Hz) 


Shunt Gain 


INPUT VOLTAGE CHANGE (mv) 


1 2 3 4 5 6 7 8 
OUTPUT VOLTAGE (V) 


Change in Reference Op Amp 


Thermal Gradient Feedback Loading 
0.1 0.05 
> NPN 
z 0 =o Igur=20mA 
lu oOo 
Z = oa oaks Seed Tr 
ae 
Bo. B -0.05 ead PNP 
= 0.1 = 0.05 lout =20mA 
S ry 
G FA r 
o - 
& 0 w 0 
<7 w 
w Vg = 20V 
Vout =0 
-04 —0.05 
-20 0 20 40 60 80 —20 0 20 40 60 80 


TIME (ms) 


TIME (ms) 
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TYPICAL PERFORMANCE CHARACTERISTICS (reference) 


Supply Current Load Regulation Reference Noise Voltage 
0.4 - 1k 
Vt tev Var =0.2V 
444 
Vrs os sani 
3 men 
= a ia 
< = Ta=25°C 2 
—E ay S f Ht Lidith L1H hi 
ra oO aw 
2 2 n i 
= & 2 100 
3 go HC 
> 2 Fra rt] 1 r | 
a e ea] f if 
= & 6 
s ra 
= = 0.2 © 
4 Jt bb 
o2 Le -03 _ 10 uu. 
50 -25 0 2% 80 75 100 125 0 2 4 6 10 00 1k 10k 100k 
TEMPERATURE (°C) LOAD CURRENT (mA) FREQUENCY (Hz) 
Minimum Supply Voltage Output Saturation Typical Stability Range 
14¢ - 1,2 1 1. 19-5 CITT TTT 
AVegr = 0.1% 1.2V<V5 = 40V 
lace = 2mA —56°C<Tas +125°C 
REF 10-8 Veer = 200mV it 
= = © 
B12 ua tmA 8 
z = 3 10-7 
s S | 0.1mA 3 POTENTIALLY 
s 0.8 = TA 
= z w UNSTABLE 
a & = 10-8 
B19 = 2 
Z & g 
= GH O06 3 
2 40-9 
Veace=200mv 
Vt wins V + S5V 
AVpeF =0.1% | 
og 04 19-10 
50-25 0 2 50 75 100 125 —50 -25 0 2 50 75 100 125 0.01 0.4 1.0 10 
TEMPERATURE (°C) TEMPERATURE (°C) LOAD CURRENT (nA) 
REFERENCE 
BALANCE OUTPUT FEEDBACK = «V+ 


1_ REFERENCE 


{NPUTS OUTPUT 


oP AMP 


REFERENCE 


Wer “3.089 


LM10 
SS ea PT 8 I PT a PI TT FE SR ETI 


APPLICATION HINTS 


With heavy amplifier loading to V—, resistance drops in Lead resistance can approach 10. Therefore, the com- 
the V~ lead can adversely affect reference regulation. | mon to the reference circuitry should be connected as 
Close as possible to the package. 


TYPICAL APPLICATIONS 
Standard Limited Range Limited Range Offset Adjustment 
Offset Adjustment Offset Adjustment with Boosted Reference 


yr 


Veer 


Low Voltage Regulator Best Regulation OV to 5V Regulator 
Ct Vin> 11V Pee 
0.01pF 


Vin>3.2V Your 


10V 


Vout 
av 


OPTIONAL t 


T USE ELECTROLYTIC OUTPUT CAPACITORS 
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TYPICAL APPLICATIONS 


Two-Terminal Current Regulator 


+ 


_(R2+R3WVpe¢ 
RIRS 


i 


Negative Regulator 


GROUND 


cr" 
25 pF 


Vout = —10V 


Vins —10.5V 


*ELECTROLYTIC 


Shunt Regulator 


cit 
0.01 pF 


+Vout= ( ) Vaer 


“REQUIRED FOR CAPACITIVE LOADING 


Floating Regulator 


Vin 


GROUND 
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TYPICAL APPLICATIONS 


High Voltage Regulator 


Viy> 204V 


Vour= 2 v 
OUT rr REF 


Q2 
2N6513 


Vout =200V 


COMMON 


Light Level Sensor 


“PROVIDES HYSTERESIS 


6V Battery-Level Indicator 


R2 
42k 


LEO DIMS BELOW 7V 


Transducer Amplifier 


VIBRATION —=—y 
SENSOR 
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TYPICAL APPLICATIONS 


Flame Detector 


Thermocouple Transmitter 


at 
715 
1% ve 
5V 
PLATINUM* j 
CHROMEL 
ALUMEL RHODIUM 
PROBE TO MOS OR 


PROBE 


TTL LOGIC 
R1 
200 
200°C <Tp< 700°C 


ima Igyt = 5mA 800°C THRESHOLD IS ESTABLISHED BY CONNECTING BALANCE TO Vrer 


TGAIN TRIM 


coLD 
JUNCTION 


Meter Amplifier Thermometer 


R1 R2 Vt>W 
400k 8.5M 


INPUT ; 
4omv, 100nA i) 0—100°C 
FULL-SCALE 0—100pA 


D1 LM134 


“TRIM FOR SPAN 
tTRIM FOR ZERO 


LI ie 9.093 
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TYPICAL APPLICATIONS 


Microphone Amplifier 
Ay ~ 1k 


MIC 
R, ~500 
Isolated Voltage Sensor 
for Switching Regulators 
Rot R6 
4.7 5k 
FEEDBACK TO 


SWITCH CONTROLLER 

FROM 3 

REGULATED 200 
OUTPUT 


tCONTROLS ‘LOOP GAIN’* 
FOR ENTIRE LOOP 
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OP AMP SCHEMATIC ao 
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REFERENCE AND INTERNAL REGULATOR SCHEMATIC DIAGRAM 
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PACKAGE DESCRIPTION 
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TECHNOLOGY Operational Amplifiers 
FEATURES DESCRIPTION 
= 30 Volt Differential Input Range The LM101A and LM107 are general purpose oper- 
= 75 nA Input Bias Current ational amplifiers, featuring low bias current and the 
= Wide Common Mode Voltage Range ability to operate with high input differential voltages 


up to 30 Volts. Unlike many FET input amplifiers, the 

output of the LM101A/107 does not reverse if the 

common mode range is exceeded, making them par- 

APPLICATIONS ticularly useful in comparator and oscillator circuits. 


= Signal Conditioning Amplifiers 
a Voltage Followers 
« Comparators 


The LM101A uses external compensation, allowing 
the frequency response and slew rate to be optimized 
for the application. The LM107 is identical to the 
LM101A with the exception that the compensation ca- 
pacitor is internal. Linear’s LM101A and ‘LM107 in- 
clude improved design and processing techniques 
resulting in superior long term stability and reliability 
over previous devices. The curve of bias current ver- 
sus differential input voltage indicates that a minimal 
change in input current occurs over a wide range of 
input signal, which is important in many applications. 


"Wein Bridge Sine Wave Oscillator Bias Current vs Differential Input Voltage 
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LM107/LM307 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 
Supply Voltage 
LM101A/LM107 .........0...00-- +22 Volts eas EAST MEE 
LM301A/LM307 ................. + 18 Volts LMi01AH 
Differential input Voltage ............. +30 Volts LM304AH 
Input Voltage, Note2................ + 15 Volts LM107H 
Output Short Circuit Duration, Note 3..... Indefinite LM307H 
Operating Temperature Range METAL CAN H PACKAGE 
LM101A/LM107 ............ —§5°C to 125°C PINS 1, 5, 8 NO CONNECTION ON LM107/307 
LM3801A/LM307 .............. O°C to 70°C 
Maximum Junction Temperature FOREN 
LMIO1A/LM107 «0.2... 150°C * LM1O04A 
LM301A/LM307 .............0s--0-- 100°C | we ae 
Storage Temperature Range TNS LM107J8 
All Devices................. —65°C to 150°C a LM307d8 
Lead Temperature (Soldering, 10 sec.)...... 300°C pg 


*PINS 1, 5, 8 NO CONNECTION ON LM107/307 


ELECTRICAL CHARACTERISTICS (Note 1) 


LM101A/LM107 LM301A/LM307 
SYMBOL PARAMETER CONDITIONS MIN =TYP ~~ MAX MIN TYP — MAX UNITS 
Vos Input Offset Voltage Rg < 50KQ, Ty = 25°C 0.7 2.0 2.0 75 mV 
[Rs < 50KQ e 3.0 oO mV 
AVos Average Temperature Coefficient 
ATemp___|of Input Offset Voltage {Rs < 50KQ jo! 3.0 oe 60 390 | °C 
los Input Offset Current Ta = 25°C 15 10 3.0 50 nA 
| {ol 20 7 | nA 
Alos Average Temperature Coefficient | 

A Temp of Input Offset Current 25°C < Ty < Tyax 0.01 «(0.1 0.01 80.3 nAlec 
_| Tan < Ta < 25°C 0.02 0.2 0.02 0.6 nA/°C 
lp (nput Bias Current Ta = 25°C 30 7 70 250 nA 
i- in 100, | 300 | nA 

Avot Large Signal Voltage Gain IT, = 25°C, Vg + 15V, Vor = 
+ 10V, R, = 2KQ 50 160 25 160 VimV 

Vs = + 15V, Vour = + 10V, 

Ri > 2KQ @| 25 15 V/mV 
CMRR Common Mode Rejection Ratio Rg < 50KQ @; 80 96 1 70 90 ae dB 
PSRR Power Supply Rejection Ratio [Rs < 50KQ @| 80 96 70 96 dB 
Input Voltage Range Vs = +20V fo|=15 ait Vv 
Vs = + 18V j e +15 #12 +15 Vv 
= 13 13 Vv 
Vout | Output Voltage Swing [Vs = + 1VR, = 10KQ @;+12 +14 +12 «14 Vv 
Ry = 2KQ i Deas +13 +10 +13 V 
Rw {input Resistance Ta = 25°C 1.5 4.0 0.5 2.0 MQ 
Is Supply Current Ty = 25°C, Vs = +20V 183.0 | 18 30 mA 
L Ta = 125°C, Vs = +20V e 1.2 2.5 mA 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Unless otherwise noted; all measurements are made with 
unity gain compensation (C, = 30pf for the LM101A/301A); these 
specifications apply for +5V < Vs < +20V for the LM101A/ 
LM107; and +5V < Vs < + 15V for the LM301A/LM307. 


Note 2: For supply voltages less than + 15 Volts, the maximum input 
voltage is equal to the supply voltage. 

Note 3: The output may be shorted to ground or either power supply 
indefinitely, provided the case temperature is below 125°C for the 
LM101A/107 and below 70°C for the LM301A/307. 
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TYPICAL PERFORMANCE CHARACTERISTICS amio1) 
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C1 = 30pF Co = 10C; for unit gain. At 
gains above 1, frequency response can be 
maximized by decreasing C1 and C2. 
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TYPICAL PERFORMANCE CHARACTERISTICS wnio1aim07) 
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LM107 LM107 LM107 
Open Loop Frequency Response Large Signal Frequency Response Voltage Follower Pulse Response 
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TYPICAL APPLICATIONS | 2 


Standard Compensation Fast Summing Amplifier Fast Voltage Follower 
and Offset Balancing Circuit 


Vin 


Vout 


Power Bandwidth: 250 kHz 


v~ i idth: 3. 
oleate th Some Power Bandwidth: 15 kHz 10k 
= R3 : Slew Rate: 1V/us 
50k ct = 
150 pF 
Low Frequency Square Wave Generator 
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SCHEMATIC DIAGRAM 


INVERTING INPUT — 


NON-INVERTING INPUT +- 
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PACKAGE DESCRIPTION 


H Package J8 Package 
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0.370 DA co  ) 
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NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED. 
“LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tmax 
150°C | 150°C/W | 45°C/W 150°C =| 100°C/W 


9-302 7 @ Abies 


Guaranteed 200pA max. input offset current 
Guaranteed 2nA max. input bias current 
Guaranteed 600uA max. supply current 
Guaranteed 0.5mV max. offset voltage 
Guaranteed 5uV/°C max. drift 

Wide supply voltage range: + 2V to + 18V 


APPLICATIONS 


Integrators 
Transducer amplifiers 
Analog memories 
Light meters 
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Operational Amplifiers 


DESCRIPTION 


The LM108 series of precision operational amplifiers 
are particularly well-suited for high source impedance 
applications requiring low offset and bias currents as 
well as low power dissipation. Unlike FET input ampli- 


fiers, the offset and bias currents of the L 108 do not 


change significantly with temperature variations. Ad- 
vanced design, processing and testing techniques 
make Linear’s LM108 a superior choice over previous 


devices. 


A photodiode sensor application is shown below. For 
applications requiring higher performance, see the 
LT1008, and LT1012. 


Amplifier For Photodiode Sensor 
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LM108/LM308 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 
LM10BA/LM108 ...........000eec08. + 20V To? VW UADENTANILNG: 
LM308A/LM308 ............0.0000 0s + 18V 
Differential Input Current (Note t)......... +10mA rea 
Input Voltage (Note 2).................05 + 15V LM308AH 
Output Short Circuit Duration........... indefinite LM308H 
Operating Temperature Range ® 
LM108A/LM108 ............ —§5°C to 125°C V—(CASE) 
LM308A/LM308 ................ 0°C to 70°C METAL CAN H PACKAGE 
Storage Temperature Range 
All Devices................. —65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)...... 300°C en 


cOMP1 4 
aa ; : i LM308AN8 
: LM308N8 


v- 5 NC 


8 COMP2 


PLASTIC DIP N8 PACKAGE 


ELECTRICAL CHARACTERISTICS +5V¥ < V, < +20Vand —55°C < T, < 125°C, unless otherwise noted. 


LM108A LM108 

SYMBOL PARAMETER CONDITIONS MIN =6TYP)—s MAX MIN TYP ~—- MAX UNITS 
Vos Input Offset Voltage Ta = 25°C 0.3 0.5 0.7 2.0 mV 
e 1.0 3.0 mV 

AV, Average Temperature Coefficient 
ATemp of Input Offset Voltage e 1.0 5.0 3.0 6 nic 
los Input Offset Current Ta = 25°C 0.05 0.2 0.05 0.2 nA 
0.4 0.4 nA 

Alos Average Temperature Coefficient 
ATemp of Input Offset Current he ee eal e 0.5 2.5 05 25 pA/°c 
if) Input Bias Current Ta = 25°C 0.5 20 0.5 2.0 nA 
e 3.0 3.0 nA 
Ayo. Large Signal Voltage Gain Ty = 25°C, Vg + 15V, 80 300 50 300 VimV 
Vour = + 10V, R, > 10k e; 40 25 V/imV 
CMRR Common Mode Rejection Ratio | — ~—Ss—s—sif@| 96 «110 [ 85 100 dB 
PSRR Power Supply Rejection Ratio @| 9% 110 80 96 dB 
Input Voltage Range Vs = + 15V le, + 13.5 #13.5 i Vv 
Vour Output Voltage Swing Vs = + 15V, A, = 10k0 @/+8 +14 £8 +14 Vv 
Rin Input Resistance Ta = 25°C (Note 3) lj 30 70 30 70 | Ma 
ls Supply Current Ty = 25°C 0.3 06 0.3 0.6 mA 
Ta = 125°C 0.15 04 0.15 0.4 mA 
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ELECTRICAL CHARACTERISTICS +5V < V, +15V¥and 0°C < T, < 70°C, unless otherwise noted. 


swan. —_|manere conn an Ow | ON wx | were 
Vos ; 5! 


Input Offset Voltage Ts, = 25°C F | E ; mv 
: m 
AVos Average Temperature Coefficient 
ATemp of Input Offset Voltage uVi°G 
los Input Offset Current Ty = 25°C A ee a nA 


Al Average Temperature Coefficient e| 

of Input Offset Current pA/°C 
lp Input Bias Current Ta = 25°C | m 

n 
Avo Large Signal Voltage Gain T, = 25°C, Vg + 15V, | vimV 
Vour = + 10V, R, > 10ka VimV 
CMRR [Common Mode Rejection Ratio | == 48 
PSRR Power Supply Rejection Ratio o dB 
Vs = + 15V a v 
Vout Output Voltage Swing Vs = + 15VR, = 10kQ Vv 
Riw Input Resistance Ta = 25°C (Note 3) [| Mo 
ls Supply Current Ty = 25°C | mA 


The @ denotes the specifications which apply over the full operating 
temperature range. 

For MIL-STD components, please refer to LTC 883 data sheet for test 
listing and parameters. 

Note 1: Differential input voltages greater than 1V will cause 
excessive current to flow through the input protection diodes unless 
current limiting resistance is used. 


Note 2: For supply voitages less than + 15V, the maximum input 
voltage is equal to the supply voltage. 
Note 3: Guaranteed by design. 
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TYPICAL APPLICATIONS 


COMPENSATION CIRCUITS 
Standard Compensation Circuit Alternate* Frequency Compensation Feedforward Compensation 
C2 
R1 R2 Ri R2 5 pF 


—Vin —Vn 


Vout Vout Vout 


+Viw +Vin 8 
Ge Ri Cy c;** 
R1 + R2 aa 100 pF 
c** Co = 30 pF = 
** BANDWIDTH AND SLEW RATE ARE * IMPROVES REJECTION OF POWER 
PROPORTIONAL TO 1/C; SUPPLY NOISE BY A FACTOR OF TEN. 


** BANDWIDTH AND SLEW RATE ARE 
PROPORTIONAL TO 1/Cs 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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4 + H 
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Output Swing 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Closed Loop Output Impedance Power Supply Rejection 
10° 120 
i Vs = 15V 
4 100 Ty = 25°C 
102 7 * aon we =4 | 
S S a0 SS 
=e as A F ‘St POSITIVE SUPPLY 
= 0 . 5 60 aie 
at 7 Mw % 
FS Uh Kav = 1.6, = 30 pF # 49 
5 1 ‘Ay = 1000, C; = 0 pF 5 . 
& BDO eee & 99 | NEGATIVE SUPPLY IS ye 
S49"! Ty = 25°C z - 
our = + mA 0 |——C, = 30 pF 
Vs = +18 | == Cs= 100 pF 
107? Gar 20 1 —1___L 
10 100 1k 10k 100k iM 10M 100 1k 10k 100k 1M 10M 
FREQUENCY (Hz) FREQUENCY (Hz) 
Low Drift Integrator With Reset Inverting Amplifier With High Input Resistance 
R2 Ri R2 R3- 
100k yr 2M 2M 505 
1% 1% 1h! 


R2 > R1 
R2 > >R3 


__ R2(R3 + RA) 
AIRS 


QUTPUT 
Ay 


* (1 AND 03 SHOULD NOT HAVE 


INTERNAL GATE-PROTECTION DIODES. 
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TYPICAL APPLICATIONS 


Amplifier For Piezoelectric Transducers Amplifier For Bridge Transducers 


QUTPUT 


OUTPUT 


at = _R2R3 
R2 + RS 


Fast* Summing Amplifier 
cst 


INPUT 


~ R3 Vin 
lour = BRB 
R3 = R4 + RS 
Rt = R2 


OUTPUT 


8 
C2 
I 300 pF 
= — * Power Bandwidth: 250 KHz 
> = Small Signal Bandwidth. 3.5 MHz 


+ In addition to increasing speed, Slew Rate: 10V/uS lour 
the LM101A raises high and low 6x 10-8 
frequency gain, increases output 65 = z 
drive capability and eliminates ¥ 


thermal feedback. 


Ri Re R3 7) 
Sample and Hold 100k tk 1k 100k 


vt 0.1% 0.1% 0.1% 0.1% 


OUTPUT 


OUTPUT 8 


C1 
" eveatorate deectic =F uF mee 
te di ic pF ; 
capacitor. i = Ri =R4;R2— AY 
Worst case drift is c2 a INPUTS % 4481 
less than 2.5 mV/sec. 90 pF en = =e Ay= 1+ 2 
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APPLICATIONS INFORMATION 


Input guarding 
Input guarding is used to reduce surface leakage. 
Guarding both sides of the board is required. Bulk 
leakage reduction is less and depends on the guard 
ring width. 


COMPENSATION 


The guard ring is connected to a low impedance point 
at same potential as the sensitive input leads. Connec- 
tions for various op amp configurations are shown 
below. 


R1 R2 


INPUT 


OUTPUT 


INVERTING 


OUTPUT 


FOLLOWER 


OUTPUT 


NON-INVERTING 


Input protection 

Current is limited by R2 even when input is connected 
to a voltage source outside the common mode range. If 
one supply reverses, current is controlled by R1. 
These resistors do not affect normal operation. 


INPUT 


The input resistor controls the current when the input 
exceeds the supply voltages, when the power for the 
op amp is turned off, or when the output is shorted. 


OUTPUT 


Offset Voltage Test Circuitt 


Ri 
50k* 


* RESISTORS MUST HAVE 
LOW THERMOELECTRIC 
POTENTIAL | 


50k* —15V 


Ay = 1000 


f THIS CIRCUIT 1S ALSO USED AS THE BURN-IN 
CONFIGURATION WITH SUPPLY VOLTAGES EQUAL: 
TO +20V, Ri=R3=10k, R2=2008, Ay=100. 


LM108A/LM308A 
LM108/LM308 


SCHEMATIC DIAGRAM 


COMPENSATION COMPENSATION 
1 8 


co 

Ste bleep Bt a 

Qs Q10 

Q15 017 OUTPUT 
aia ie 

LU a16 

a ie rk 


PACKAGE DESCRIPTION 


H Package N8 Package 
Metal Can 8 Lead Plastic 


NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED. 
“LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE. 


imax Sa 8c Tmax Ga 
150°C _| 150°C/W | 45°C/W 100°C | 130°C/W 
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LT118A/LT318A 

LM118/LM318 

TECHNOLOGY High Speed 
Operational Amplifier 


FEATURES DESCRIPTION 

@ Guaranteed 1.0mV Max. Input Offset Voltage The LT118A is an improved version of the industry stand- 
= Guaranteed 100,000 Min. Gain ard LM118. The LT118A features lower input offset volt- 
® Guaranteed 50V/us Slew Rate age, lower input offset currents, higher gain and higher 
@ Guaranteed 20nA Max. Input Offset Current common mode and power supply rejection. Because of 
= 15MHz Bandwidth these enhancements, the LT118A will improve the accu- 
= Unity Gain Stable racy of most applications. Unlike many wideband amplifi- 


ers, the LT118A is unity gain stable and has a slew rate of 

50V/ps. When used in inverting amplifier applications, 

feedforward compensation can be used to achieve slew 

APPLICATIONS rates in excess of 150V/ys. Linear Technology 
Corporation’s advanced processing techniques make the 


a Wideband Amplifiers LT118A an ideal choice for high speed applications. 


™ High Frequency Absolute Value Circuits 
= D/A Converter Amplifiers 
= Fast Integrators 


Voltage Follower Voltage Follower Pulse Response: 


10pF 


5V/DIV 


OUTPUT 
INPUT 


TIME —0.5ys/DIV. 
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LT118A/LT318A 


LM118/LM318 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 
Supply Voltage... 6.0.0... eee ee +20V TOP VIEW 
Differential Input Current (Note 1).......... + 10mA ORDER PART NUMBER 
Input Voltage (Note 2)................00.. +20V 
Output Short Circuit Duration............. indefinite LT118AH 
Operating Temperature Range LM118H 
LTW18A/LM118............... ~—55°C to 125°C LT318AH 
LTS18A/LM318 ... 0... eee 0°C to 70°C LM318H 
Storage Temperature Range 
AllDevices .................. — 65°C to 150°C 
Lead Temperature (Soldering, 10sec.)........ 300°C 


LT118AU8 

LM118J8 

LT318AJ8 

LM318J8 

LT318AN8 
HERMETIC DIP J8 PACKAGE LM318N8 
PLASTIC DIP NB PACKAGE 


ELECTRICAL CHARACTERISTICS (Note 3) 


LT118A 

SYMBOL ee \ CONDITIONS TYP MAX | MIN TYP M 
Vos Input Offset Voltage 2 4 mV 
_| 6 mv 
log Input Offset Current 6 50 nA 
| 100 nA 
1g Input Bias Current 120 250 120 250 nA 
500 nA 
Rin Input Resistance | Ma 
Ay | Large Signal Voltage Gain | Vg = + 15V, Vor = + 10V, Ry = 2kQ V/mV 
V/mvV 

i= 
SR Slew Rate Vg = + 15V, Ay=1 V/ps 
GBW (Gain Bandwidth Product | Vs= # 15V [Maz 
Output Voltage Swing Vg= + 15V, RL =2kQ e V 
Input Voltage Range Vg= + 15V e Vv 
Ig Supply Current 5 8 mA 
Ta= 125°C 45 7 be mA 
CMRR | Common Mode Rejection 100 dB 
Ratio 
PSRR Power Supply Rejection Ratio 80 dB 
Eas — at 
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LT118A/LT318A 


LM] 18/t M318 


ELECTRICAL CHARACTERISTICS (nove 3) 


SYMBOL | PARAMETER CONDITIONS TYP MN AX UNITS 

Vos ‘ Input Offset Voltage 4 10 mv 

45 mV 

los Input Offset Current mi 30 200 nA 

750 nA 

\p Input Bias Current a 150 500 | oma 

750 nA 

Rin Input Resistance 3 MQ 

Ay Large Signal Voltage Gain Vg = & 15V, Voyr= + 10V, R= 2kQ2 200 } ~ | y as 

™m 

SR Slew Rate Vg= + 15V, Ay=1 | 7 «| «Wins 

GBW Gain Bandwidth Product Vg= + 15V "| 15 MHz 

Output Voitage Swing Vg= = 15V, RL =2k0 +13 V 

Input Voltage Range Vg= + 15V | V 

Is | Supply Current 5 10 | mA 

CMRR | Common Mode Rejection | 100 dB 
Ratio 

PSRR Power Supply Rejection Ratio | e 80 dB 


The @ denotes those specifications which apply over the full operating 
temperature range. 

The shaded electrical specifications indicate those parameters which have 
been improved or guaranteed test limits provided for the first time. 

Note 1: The inputs are shunted with back-to-back zeners for overvoltage 
protection. Excessive current will flow if a differential voltage greater than 
5V is applied to the inputs. 


Note 2: For supply voltages less than + 15V, the maximum input voltage is 
equal to the supply voltage. 

Note 3: These specifications apply for + 5V-sVg< + 20V. ‘The power sup- 
plies must be bypassed with a 0.1,F or greater disc capacitor within 4 
inches of the device. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Input Current Voltage Gain Power Supply Rejection 
135 120 
130 
_— 100 
ao 
at 125 125°C = 
= g 3 $0 
= = 120 + 5 
= z a 
= 3 115 2 
5 w 25°C >, 60 SUPPLY 
e 8 5 - 
5 5 110 5 
2 6 i 55°C g 40 T 
i 105 2 
2 100 si 
0 95 0 
—§5—35-15 5 25 45 65 85 105 125 5 15 20 100100 k= 10k)=-100k 1M 10M 
TEMPERATURE (°C) SUPPLY VOLTAGE (+¥) FREQUENCY (Hz) 
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LT118A/LT318A 
LM118/LM318 


TYPICAL PERFORMANCE CHARACTERISTICS 


Large Signal Frequency Open Loop Frequency 
Response Response Unity Gain Bandwidth 
“4 ut 120 ~T T,= 25°C 
Vs=2+1 = 
2 Ss 100 Vg=+15V aa 
i z 
= 1 — 80 b + 10, = 
a 3 GAIN | PHASE | z z 
2 8 z 60 ws & 
= i 5 z 
a _~ «£ 
5 6 = 40 tse 2 
= S S$ 2 
> 2 
a 4 20 |__| 45 2 > 
Zz 
2 ob 0 
0 : —20 L Lice L i 0 
054m 1™ 2M 5M «610M = «20M 50M 10 100. «1k «610k «100k 1M 10M 100M ~55-35-15 5 25 45 65 85 105 125 
FREQUENCY (Hz) FREQUENCY (Hz) TEMPERATURE (°C) 
Large Signal Frequency Open Loop Frequency 
Response Response Voltage Follower Slew Rate 
14 + 130 
Ta=25°C baer ie 
2 Vsg= £15V 120 Car 
= 10 meee = z 110 POSITIVE SLEW 
ae. 7 Be 
2 8 | + H z m 2100 
= 3 BS 
a w peed a 
5 6 + 4 2 = ra 90 
5 s 3 ° NEGATIVE SLEW 
So 4 | = 80 i 
FEEDFORWARD 
2 | 70 
0 —+—_1 -20 69 be 
1M 3M 10M 30M 100M 10 100 1k 10k 100k 1M 10M 100M 55-35 ~15 5 25 45 65 85 105 125 
FREQUENCY (Hz) FREQUENCY (Hz) TEMPERATURE (°C) 
Feedforward Compensation for Pulse Response of 
Slew Rates of 150V/ps Feedforward Inverter 


SV/DIV 


9 0.4 0.8 1.6 2.0 24 
TiME—0.2ys/DIV 


“BALANCE CIRCUIT NECESSARY FOR 
INCREASED SLEW RATE 
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LT118A/LT318A 
LM118/LM318 


TYPICAL PERFORMANCE CHARACTERISTICS 


Input Noise Voltage Common Mode Rejection Supply Current 
3000 TTT 3 
1000 a 
z 5 
me) = = 
rr] 
= 100 i z 
4 2 . 
2 30 z & 
= a 
z 
10 2 
3 
10 100 1k 10k 100k 100 1k 10k 100k 1M 10M 10 6 
FREQUENCY (Hz) FREQUENCY (Hz) SUPPLY VOLTAGE (+¥) 
Closed Loop Output Impedance Current Limiting LT118A input Current: 
a 
= _— 
5 a 3 
E 2 5 
=] z <= 
E 5 8 
Bw 3 = 
o 
10-2 
03 —r 300 
1 10 100 1k 10k «100k 1M 0 5 10 15 2 25 30 -9 —6 -3 0 3 6 9 
FREQUENCY (H2} OUTPUT CURRENT (mA) DIFFERENTIAL INPUT VOLTAGE (V) 
Overcompensation for 
Offset Balancing Isolating Large Capacitive Loads Increased Stability 


INPUT 


LT] 18A/LT318A 
LM118/LM318 


SETTLING TIME CIRCUITS 


Settling Time Test Circuit 


“IMPROVES SETTLING TIME 


Alternate Compensation for 
improved Settling Time 


*IMPROVES SETTLING TIME 


Settling Time 


av/ow ima 


OUTPUT VOLTAGE 


Smv/ DIV 


0.2ys/D1V 


Settling Time 


sv/owv 


OUTPUT VOLTAGE 


Smv/DIV 


0.2us/DIV 


APPLICATIONS INFORMATION 


Because of their wider bandwidth, the LT118A and LM118 
operational amplfiers require more application care than 
most general purpose low frequency amplifiers. One of 
the most critical requirements is that power supplies 
should be bypassed with a 0.1,F (or larger) disc ceramic 
capacitor within an inch of the device. Also, stray capaci- 
tance at either the input or output can cause oscillation. 
While input capacitance can be compensated by placing a 
capacitor across the feedback resistor, load capacitance 
must be minimized or isolated as shown. Even the 50pF 
input capacitance of a 1X scope probe can alter the 
response of the device. 


Settling time, an important parameter in many high speed 
amplifier applications, is difficult to measure and opti- 
mize. Settling time is very ‘‘application dependent’ and 
is influenced by external components, layout and the 
amplifier. In general, the settling time to 0.01% can be 
minimized by using a circuit similar to that shown. In ad- 
dition to the compensation network shown, a capacitor is 
needed across the feedback resistor to minimize ringing. 


Power supply bypassing can also affect settling time. The 
amplifier has low power supply rejection ratio at high fre- 
quencies, so transients and ringing on the supply leads 
can appear at the output. Large (22uF) solid tantalum 
capacitors are preferred to minimize supply aberrations. 
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LT118A/LT318A 
LM118/LM318 
Precision inverting Amplifier 


FULL POWER BANDWIDTH = 2MHz 
SLEW 


= 30pF 


=50V/ sec 

SETTLING (10V STEP) =12us TO 0.01% 
BIAS CURRENT DC = 30pA 

OFFSET DRIFT =0.3,V/°C 
*1% METAL FILM 


SCHEMATIC DIAGRAM 


A13 g 
150k 2 


LS We 


LT118A/LT318A 
LM118/LM318 


PACKAGE DESCRIPTION 


H Package J8 Package 
Metal Can 8 Lead Hermetic DIP 
_ 0.355~0.370 
{9.017 9.398) 
mu a 
0,305 — 0,335 
sas Neal 
0.060 DA 0.220—0.310 
(1.016) ' (5.588 - 7.874) 
ihe (1.270) 0.165 —0.185 
' WAX (4.731 — 4.699) 
— Y 
SEATING 
PLANE f Re 0,500 ~ 0.750 || | pas 
wees (0 OO i : 
CMG) | |g .9,016— 0.021. 0.405 
(0.406 — 0.533) a ATE 
me (5.080) 0.015 ~ 0.060 MAX «ons 
MAX (0.381 -— 1.524) an 
aseTYP NG 0.027 — 0.045 MIN 
0.027 0.034 AN (0.686 —1.143) 
(0.606—0.864) 


0. \ 
c 0.125 —0.200 Bao M1 MW 
. (3.175—6.080) | I 8.570) it “ 
u uv 
i) aos0—o070 f ~»/ Lage 0,008 - 0.095 
aia bad {0.762—1.778) as {0.203 —0.381) 
0,100 oun TYP TYP 
(z.840) in 0,014—0.073 0.290-9.320 
0.120-0.160 |___ BSC" (0.356 — 0.584) {7.366 8.128) 
(wos — 4.064) RAD TYP WP 
INSULATING 
STANDOFE 
NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 
NOTE: DIMENSIONS IN INCHES * LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 
Tyax Op Oe O% 
150°C TOC /W | ASC /W 100°C /W 
N8 Package 
8 Lead Plastic 
_ f 
it 0,240-0.280 
ci (6.096—7.112) 
0.060 
(1524 
“St 
(0.370—0,400, 
0.020, (9.400 10.16) me 
{6 (0.808) jt— 7° 45° 
MIN um ra 
A MIN 
0.155 0.176 
(3.937 —4.445) 
a 
cia 0.195 ~0.145 ' \ 
3.175 —3.302) (2.921 3.683} i a 
u u 
ata trea 1828 ~o! fons (02030380 
esa) 0.014-0,023 0.290--0.319 
ai {0.388 —0.584) 17.366—-7.876) 
TP 


NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 
*LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tymax 
100°C 


Sm 
130°C/W 
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Y LINEAR nile 


Operational Amplifier 


FEATURES DESCRIPTION 

# 4mV Typ. Input Offset Voltage The LM318 is a high speed, unity gain stable operational 
= Guaranteed 25,000 Min. Gain amplifier designed for applications requiring high slew 
® Guaranteed 50Vius Slew Rate rate and wide bandwidth. Although the device is internally 
@ 30nA Typ. Input Offset Current compensated for unity gain operation, external compensa- 
m 15MHz Bandwidth tion can be added for increased stability in reduced band- 
= Unity Gain Stable width applications. With a single capacitor, the 0.1% 


settling time is reduced to under 1ys. Feedforward com- 

pensation can be used in inverting applications to in- 

crease slew rate to over 150V/us and almost double the 
APPLICATIONS bandwidth, ) fo 


® Wideband Amplifiers 

@ High Frequency Absolute Value Circuits 
= D/A Converter Amplifiers 

= Fast Integrators 


Voltage Follower Voltage Follower Pulse Response 


10pF 


5V/DIV 


LM318S8 ; 
INPUT 


TIME —0.5ys/DIV. 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage ..........ccccceceseseeceeeseseress +20V 
Differential input Current (Note 1) ............... +10mA 
Input Voltage (Note 2)............cccsecceeeceeeees +20V 
Output Short Circuit Duration.................. Indefinite 
Operating Temperature Range ............... 0°C to 70°C 
Storage Temperature Range............. — 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) ........... 300°C 


ORDER 
PART NUMBER 


TOP VIEW 


LM318S8 


PART MARKING 


S8 PACKAGE 
PLASTIC SO 


ELECTRICAL CHARACTERISTICS Wore 3 


LM318 
SYMBOL PARAMETER CONDITIONS | MIN TYP MAX UNITS 
Vs input Offset Voltage “ 4 10 mv 
e 15 mV 
log Input Offset Current 30 200 nA 
e 300 nA 
Input Bias Current 150 500 nA 
e 750 nA 
Rw Input Resistance at 0.5 3 Mo 
Ay Large Signal Voltage Gain Vg = + 15V, Voyr = + 10V, Rp =2k0 7) aa 25 200 VimV 
al. ie 20 VimV 
Slew Rate Vg = + 15V, Ay=1 ee 50 70 Vins 
GBW Gain Bandwidth Product Vg = + 15V 15 MHz 
Output Voltage Swing Vg = + 15V, Rp =2k0 e +12 +13 v 
Input Voltage Range Vg = + 15V e £115 V 
Supply Current _| 5 10 | mA 
Common-Mode Rejection Ratio = e 70 100 dB 
Power Supply Rejection Ratio o| 6 80 dB 


The @ denotes those specifications which apply over the full operating 
temperature range. 

Note 1: The inputs are shunted with back-to-back zeners for overvoltage 
protection, Excessive current will flow if a differential voltage greater than 
5V is applied to the inputs. 


Note 2: For supply voltages less than + 15V, the maximum input voltage is 
equal to the supply voltage. 

Note 3: These specifications apply for + 5V< Vs < + 20V. The power sup- 
plies must be bypassed with a 0.1,F or greater disc capacitor within 4 
inches of the device. 
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| 7®@ TECHNOLOGY Operational Amplifier 


| FEATURES DESCRIPTION 

a Guaranteed max. 0.5uV/°C Drift The OP-05 is an internally compensated op-amp 

| = Guaranteed max. 0.6uV pk-pk Noise which provides excellent input offset voltage, low bias 
= Guaranteed max. 2nA Bias Current current, very high common mode rejection, and low 
= Guaranteed minimum 114dB CMRR offset voltage drift with temperature when the input 


offset voltage is externally trimmed to zero, Direct re- 

placement of similar devices in existing systems can 

result in significant system performance improvement 
APPLICATIONS without redesign. The OP-05 is particularly well suited 
for instrumentation and low signal level applications 
where precision and stability over time and tempera- 
ture are important. Internal frequency compensation 
enhances the OP-05’s versatility for 2 wide variety of 
precision op-amp uses. Linear’s advanced design, 
process and test techniques ensure device perfor- 
mance as well as reliability. An instrumentation ampli- 
fier application is shown below. For higher 
performance requirements see the LT 1001 single pre- 
cision op amp and the LT 1002 dual matched precision 
op amp series. 


= Strain Gauges 

= Thermocouple Amplifiers 
a 

a 


Instrumentation Amplifiers 
Medical Instruments 


Instrumentation Amplifier Trimmed Offset Voltage with Temperature of Six 
Representative Units 


(Offset Trimmed to Zero at 25°C with 20k0 Pot) 


Zim = 10060 
tw = + 1.0nA 


TRIMMED OFFSET VOLTAGE (2¥) 


) 75 —25 25 75 125 
TEMPERATURE (°C) 
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OP-05 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage............00. ccc eee aes +22V 

Differential Input Voltage................ +30V = ORDER PART NO. oe 

Input Voltage Equal to Supply Voltage MAX 

Output Short Circuit Duration........... Indefinite 

Operating Temperature Range OP-O5AH 
OP-05/0P-05A.............. —55°C to 125°C OP-OSH 
OP-O5E/OP-05C. 0... sees. 0°C to 70°C Poe 

Storage Temperature Range ee ; 
All Devices.............0... —65°C to 150°C 

Lead Temperature (Soldering, 10 sec.)...... 300°C 


OFFSET OFFSET OP-05AJN8 
cis sige OP-05J8 
ee as OP-O5EJ8 
hee at OP-05CJ8 
OP-O5EN8 

HERMETIC J8 PACKAGE OP-O5CN8 


PLASTIC DIP N8 PACKAGE 


ELECTRICAL CHARACTERISTICS Vs = +15V, Ty = 25°C, unless otherwise noted, 


OP-05A 0P-05 
SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vos 2 05 mV 


Input Offset Voltage a el 0.07 0.15 0. : 
AV, Long Term Input Offset Voltage 
Atime Stability (Notes 1 and 2) 0.2 1.0 | 0.2 1.0 #V/Month 
log Input Offset Current 0.7 2.0 1.0 2.8 nA 
lp input Bias Current [is Se ea +07 +20 nA 
Cn Input Noise Voltage 0.1Hz to 10Hz (Note 2) 0.35 = =0.6 Vp-p 
Input Noise Voltage Density fo = 10HZ 
f, = 100Hz (Note 2) avi Viz 
fy = 1000Hz 
in Input Noise Current 0.1Hz to 10Hz (Note 2) 
Input Noise Current Density fo = 10Hz 
f) = 100Hz = (Note 2) 
fo = 1000Hz 


Ry, Input Resistance Differential Mode | (Note 3) 
Input Resistance CommonMode |  ss———s—=zd 


input Voltage Range eee | 
CMRR Common Mode Rejection Ratio Vom = + 13.5V 114 126 
PSRR Power Supply Rejection Ratio Vs = +3V to + 18V 
Avot Large Signal Voltage Gain Ry = 2k0, Vo = + 10V 
R, = 5000, Vo = +0.5V V/mV 
Vs = + 3V (Note 3) 
Vout Maximum Output Voltage Swing | R, = 10ko . . . . 
Ry = 2ka +120 +128 . i V 
Ri = 1ka +105 +12.0 ; 
SR Siew Rate Ri = 2kQ (Note 2) , 0.3 E . V/uS 
GBW Closed Loop Bandwidth Ave, = +1 (Note 2) 0.4 0.6 0.4 06 MHz 
Zp Open Loop Output Impedance | Vp = 0, lp = 0, f = 10Hz a 
Py Power Dissipation No load 90 120 90 120 mw 
Vs = +3V, No load 4 6 4 6 
Offset Adjustment Range Nuli Pot = 20ka +4 +4 mV 
See Notes on page 2-324 
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OP-05 


ELECTRICAL CHARACTERISTICS Vs = +15V, —55°C < T, < 125°C, unless otherwise noted. 


SYMBOL PARAMETER CONDITIONS MIN TYP MAX min TYP MAX 
Vos Input Offset Voltage le| 0.10 0.24 03 07 
—*0s_|iN 
AVos Average Input Offset Voltage Drift : 
ATemp Without External Trim 07 2.0 
With External Trim Null Pot = 20kQ (Note 2) 0.3 1.0 
los Input Offset Current 
Al Average Input Offset Current Drift | (Note 2) 
ATemp 
ip input Bias Current je +10 +40 +20 +60! 
Alp Average Input Bias Current Drift | (Note 2) 
ATemp 
Input Voltage Range YT —~——CCédC @ #18. 18.5 +130 +4135 
Common Mode Rejection Ratio | Voy = + 13V le] 10 123 r 0 123 0~COtCCSY 
Power Supply Rejection Ratio Vs = +3V to + 18V lo| 94 ‘108 
Large Signal Voltage Gain R, = 2kQ, Vo = + 10V [e| 200 40 = | 0) =6400S 
Vour le} +120 +126 +120 +126 


ce ae | 
SYMBOL PARAMETER CONDITIONS min TYP UNITS 
Vos Input Offset Vottage ee es OR Oe Oe | mV 
AV, Long Term Input Offset Voltage 
ATime Stability (Notes 1 and 2 uV/Month 
los Input Offset Current YT ee nA 
(p Input Bias Current +12 +1 : nA 
ep Input Noise Voltage 0.1Hz to 10Hz (Note 2) 0.35 upp 
Input Noise Voltage Density fy = 10HZ 10.3 10.5 20.0 
fo = 100Hz —_ (Note 2) 10.0 100.2 86135 nw Viz 
fy = 1000Hz 98 145 
in Input Noise Current 0.1Hz to 10Hz (Note 2) a pA 
Input Noise Current Density fy = 10Hz ; 0.35 0.80 
f, = 100Hz (Note 2) 0.14 0.23 015 027 | parVez 
fy = 1000HZ 0.12 0.17 0.13 0.18 
Rin Input Resistance Differential Mode | (Note 3) [i so | 8 3 | Ma 
Input Resistance Common Mode ee" ee Pee ee &e 
Input Voltage Range +135 +140 +135 +140 Vv 
Common Mode Rejection Ratio [Vow = + 13.5V 110-123 [100 =6120—Cts—=*d dB 
PSRR Power Supply Rejection Ratio Vs = +3V to + 18V 94 106 90 104 dB 
Avot Large Signal Voltage Gain RL = 2k0, Vo = + 10V 200 500 120 400 
R, = 5000, Vo = +0.5V 150 500 100 400 / VimV 
Vs = + 3V (Note 3) 
Vour Maximum Output Voltage Swing =| R, = 10ko +125 + 13.0 +12.0 + 13.0 
R, = 2ka +120 +128 +115 +128 v 
Ry = 1ko +10.5 +120 +12.0 
SR Slew Rate R= 2ko (Note 2) p01 03 Of tos 
GBW Closed Loop Bandwidth Avo. = +1 (Note 2) MHz 
Zs Open Loop Output Impedance | Vo = 0, lp = 0,f = 10Hz eer ea a ee a 
Py Power Dissipation No load 90 120 95 $50 mW 
Vs = +8V, No load 4 6 4 8 
Offset Adjustment Range +4 mW 
See Notes on page 2-324 
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OP-05 


ELECTRICAL CHARACTERISTICS vy, = ~15v,0°c <1, < 70°C. 


OP-O5E OP-05¢ 
SYMBOL CONDITIONS MIN =OTYP) = MAX MIN =OTYP) MAX UNITS 
Vos Input Offset Voltage (t™t~tCS | 0.25 06 035 1.8 mV 
AV, Average Input Offset Voltage Drift 
ATemp Without External Trim vic 
With Externai Trim Null Pot = 20ke (Note 2) t 
los Input Offset Current nA 
Al Average Input Offset Current Drift | (Note 2) pa/°c 
Atemp 
lg Input Bias Current nA 
Alp Average input Bias Current Drift | (Note 2) pA/°c 
ATemp 
Input Voltage Range [oe 80 135 Vv 
CMRR Common Mode Rejection Ratio Vou = + 18V io! 107 123 [97 120 dB 
PSRR Power Supply Rejection Ratio Vs = +3V to + 18V le | 90 103 86 100 dB 
Avo. Large Signal Voltage Gain Ry = 2kQ, Vy = + 10V le! 180 450 100 = 400 V/mV 
Vour Output Voltage Swing R, = 2ko [e| +120 +126 +110 + 12.6 v 


The @ denotes the specifications which apply over the full operating 
temperature range. 
Note 1: Long term offset voltage stability is the average value of 

offset voltage vs. time plotted over extended periods following 30 
days of operation. Values for time under 30 days of operation are 


typically 2.5,V following the first hour of operation. 
Note 2: This parameter is sample tested. 
Note 3: This parameter is guaranteed by design. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Low Frequency Noise 
(Closed Loop Gain = 25,000) 


NOISE VOLTAGE - 200nV/DIV 


TIME - SECONDS 


Common Mode Rejection Ratio 
vs Frequency 
130 Coo] 


120 TITAS ! 


1.0 10 100 1k 10k 100k 
FREQUENCY (Hz) 


Warm-Up Drift 


ABSOLUTE CHANGE IN INPUT OFFSET VOLTAGE (2) 


0 1 2 3 4 5 
TIME AFTER POWER SUPPLY TURN ON (MINUTES) 


1000 peer 
ETH Agi = Rg2 = 200k 
is THERMAL NOISE OF source fi 


ABSOLUTE CHANGE IN INPUT OFFSET VOLTAGE (#V) 


Total Input Noise Voltage 


vs Frequency 


RESISTORS INCLUDED 
EXCLUDED 


Eat 


FREQUENCY (Hz) 


Power Supply Rejection Ratio 
vs Frequency 
| Ta = 25°C i 


Vg = + 15V 


50 
0.4 1.0 10 100 


FREQUENCY (Hz} 


Offset Voltage Change Due 
to Thermal Shock 


— 


a 
a DEVICE IMMERSED Bee 
N 70°C OW BATH 
oem 


10 


a 


OFFSET VOLTAGE CHANGE (::V) 
° 


120 
i 80 


Open-Loop 
Frequency Response 


—40 
0.1 1 10 100 1k 10k 100k 1M 10M 


FREQUENCY (Hz) 


Long Term Stability of Four 
Representative Units 


TIME (MONTHS) 


Open-Loop Gainvs | 
Temperature 


TEMPERATURE (°C) 
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OP-05 


TYPICAL PERFORMANCE CHARACTERISTICS 


Input Bias Current vs 
Temperature 


INPUT BIAS CURRENT (nA) 


50 0 50 100 
TEMPERATURE (°C) 


Maximum Error vs 
Source Resistance 


P33. 
& 


° 


=< 
TRIMMED ~55°C TO 125°C HH H 
SR 


MAXIMUM ERROR REFERRED TO iNPUT (mV) 


voy CLL Cre = 4 = el 
* i 0 100 


MATCHED OR UNMATCHED SOURCE RESISTANCE (k®) 


Output Voltage vs 
Load Resistance 


OUTPUT SWING (VOLTS) 


LOAD RESISTANCE TO GROUND {kQ} 


Input Offset 
Current vs Temperature 


INPUT OFFSET CURRENT (nA) 


TEMPERATURE (°C) 


Maximum Error vs 
Source Resistance 
10 


OP-O5E 

0°C TO 70°C 
Vg = + 15V af EE 
ul 
UNTRIMMED 0°C TO 70°C 4 


rc 


UNTRIMMED 25°C 
4 4+ 


° 


TRIMMED O°C TO 70°C 


MAXIMUM ERROR REFERRED TO INPUT (mV) 


0.01 
0.1 1.0 10 100 


SOURCE RESISTANCE (k0) 


Power Consumption 
vs Power Supply 


1000 


S 
oS 


10 


POWER DISSIPATION (mW) 


0 20 40 
TOTAL SUPPLY VOLTAGE, V-+ TO V— (VOLTS) 


Input Bias Current vs 
Differential Input Voltage 
30 


AT |Voire I< 1.0V, llg |< 2A (OP-O5A) 

= 3nA(0P-08) | 
< 7nd (OP-05C) 
+ 


NON-INVERTING INPUT BIAS CURRENT (mA} 


~20 -10 0 10 20 30 
DIFFERENTIAL INPUT VOLTAGE (VOLTS) 


Maximum Error vs 
Source Resistance 
10 


‘OP-05 o 
— 58°C TO 128°C. 

Vs = + 15V 
CTT 
1.0 EUNTRIMMED — 55°C TO 125°C: 


UNTRIMMED 25°C: 


Rg = Ry = Ro 


MAXIMUM ERROR REFERRED TO INPUT (mV) 


0.1 1.0 10 100 
MATCHED SOURCE RESISTANCE (kQ) 


Output Short-Circuit 
Current vs Time 
35 


w 
i) 


25 


20 


OUTPUT SHORT CIRCUIT CURRENT (mA) 


0 1 2 3 4 
TIME FROM OUTPUT BEING SHORTED (MINUTES) 
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TEST CIRCUIT DIAGRAMS 


Offset Voltage Test Circuit t 


Rt 
* 50k 


Vo 


3 RESISTORS MUST HAVE 
LOW THERMOELECTRIC 
POTENTIAL 


t This circuit is also used as the burn-in configuration 
with supply voltages changed to + 20V, Ri =R3=10k, 
R2= 2000, Ay= 100. 


OP-05 


Offset Nulling and Low 
Frequency Noise Test Circuit 


+15V 


2.5M 


NOTES: 
1) RC APPROXIMATELY 10Hz FILTER 


2) OBSERVE OUTPUT FOR 10 SECONDS 
Ay = 25000 


Application Tip 


When the OP-05 is used as a replacement in 725, 108/108A, 308/308A applications, 
removal of external compensation is optional, For conventionally nulled 74 1! type applt- 
cations, external trimming should be removed. Care should be taken to avpid thermo- 
couple voltages caused by temperature variations between the input terminals or 
dissimiar metals. 
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OP-05 
perenne eee 


TYPICAL APPLICATIONS bs 
Precision Absolute Value Circuit 


100k i 


Gin 


€o = [ein | 


ALL RESISTORS MATCHED WITHIN 0.1% 


Vo 


R2 R3 
FOR MAXIMUM CMRA, RR 
FOR THIS CONDITION, 
Ra Ro, R2+R3 
% ADJUST R1 FOR CMRR, THEN Vo val RG lf +r + hs ] 
ADJUST R5 FOR GAIN ACCURACY. + 7 
AAS DOES NOT AFFECT CMRR. ae = 210 FOR VALUES SHOWN 
in 
H Package J8 Package N8 Package 
Metal Can 8 Lead Hermetic Dip 8 Lead Plastic 


Te +5 


NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED. NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED, 
“LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GALIGE PLANE “LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE. 


Tmax | Oy ec Tmax | @ 9 
150°C_| 150°C | 45°C~W t50°c_| 100°C~w yoor _} 130°CW 
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FEATURES 


= Guaranteed 25uV max. Offset Voltage 
= Guaranteed 0.6uV/°C max. Offset Voltage 
Drift with Temperature 
Excellent 1.0u.V/Month max. Long Term Stability 
Guaranteed 0.6uV,_, max. Noise 
« Guaranteed 2.0nA max. \nput Bias Current 


APPLICATIONS 


= Thermocouple Amplifiers 

m Strain Gauge Amplifiers 

= Low Level Signal Processing 
= Medical Instrumentation 


OP-07 


Precision Operational 
Amplifier 
DESCRIPTION : 


The OP-07 offers excellent performance in applica- 
tions requiring low offset voltage, low drift with time 
and temperature and very low noise. Linear’s OP-07 is 
interchangeable with many of the precision op-amp 
device types. The OP-07 also offers a wide input volt- 
age range, high common mode rejection and low input 
bias current. These features resuit in optimum perfor- 
mance for small signal level and low frequency appli- 
cations. Use of advanced design, processing and 
testing techniques make Linear’s OP-07 a superior 
choice over similar products. A buffered reference ap- 
plication is shown below. For single op amp applica- 
tions requiring higher performance, see the LT1001 
and for matched dual precision applications see the 
LT 1002. 


Precision Buffered Single Supply Reference 


LM129A 


The OP-07 contributes less than 5% of the total drift with temperature, noise 
and fong term drift of the reference application. 


Offset Voltage Drift With Temperature 
Of Representative Units 


OFFSET VOLTAGE (xV. 


TEMPERATURE (°C) 


Owen 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage...................0000, +22V 
Differential Input Voltage................ +30V 
Input Voltage Equal to Supply Voltage 
Output Short Circuit Duration........... Indefinite 
Operating Temperature Range 
OP-07/0P-07A.............. — 55°C to 125°C 
OP-O7E/OP-07C................, 0°C to 70°C 
Storage Temperature Range 
All Devices............... — 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)...... 300°C 


PACKAGE/ORDER INFORMATION 


TOP VIEW 
OFFSET 


OFFSET 
ORDER PART NO. | VOLTAGE 
(MAX) 


OP-07AH 
OP-07H 

OP-07EH 
OP-07CH 


OP-07AU8 

OP-07J8 

OP-07EJ8 

OP-07CJ8 

OP-07EN8 
HERMETIC DIP J8 PACKAGE OP-07CN8 
PLASTICOIP NB PACKAGE 


ELECTRICAL CHARACTERISTICS Vg = + J5V, T, = 25°C, unless otherwise noted. 


OP-O7A OP-07 
SYMBOL CONDITIONS MIN sOTYP) MAX MIN =6TYP) —s MAX 


UNITS 
Vos input Offset Voltage (Noted) CCS 375 a 
AVos Long Term input Offset Voltage 
ATime Stability (Notes 2 and 3) uV/Month 
los input Offset Current es OO 04 28 nA 
lg input Bias Current lis eas oe +07 +20 +10 +30 nA 
®n Input Noise Voltage 0.1Hz to 10Hz (Note 2) [| 56 |S OG |My 
Input Noise Voltage Density fo = 10Hz 10.3 = 18.0 10.3 = 18.0 
fo = 100Hz (Note 2) 10.0 13.0 100 6130 | nawVuz 
fo = 1000Hz 96 11.0 96 11.0 
iy Input Noise Current 0.1Hz to 10Hz (Note 2) 4 30 fob, 
Input Noise Current Density fo = 10Hz 0.32 0.80 0.32 0.80 
f, = 100Hz (Note 2) 014 0.23 0.14 023 | parvhz 
fy = 1000Hz 0.12 0.17 0.12 0.17 
Rin Input Resistance Differential Mode | (Note 4) [3 8 | 0 «| Ma 
Input Resistance Common Mode | CT Ss*~“‘RS*é‘“CSSC#OSC#O#‘#«d; Ga 
input Voltage Range | ™”™—CCOC*«dC 9B 14.0 +135 +140 v 
CMRR Common Mode Rejection Ratio [Vww==+18VSs«dT:CatHOSstHSC*~“C*‘«‘“T*SC*«*éiSC«*d dB 
PSRR Power Supply Rejection Ratio Vs = +3V to + 18V 100 108 100 108 dB 
Avot R =.2k9, Vo = + 10V 300 500 200 500 
Ry = 5000, Vo = +0.5V 150 400 150 400 Vimv 
Vg = +3V (Note 4) 
Vour 1 = 10ko 2. 
22 2. v 
R= 1ka 0. 
SR Slew Rate Ru = 2ke (Note 4) 01 0.25 01 0.25 WiuS 
GBW Closed Loop Bandwidth Avo. = +1 (Note 4) 04 06 MHz 
Zy Open Loop Output impedance [Vo = 0, Ig = 0, f = 10Hz aa ees ee a 
Py Power Dissipation Vs = + 15V 7 ~~ 120 75 (120 mW 
Vs = +3V 4 6 4 6 
Offset Adjustment Range [Nui Pot= 20k | :C*dES(C‘#§NCNNCRNSC~‘C*@d mv 
See Notes on page 2-332 


OP-07 


ELECTRICAL CHARACTERISTICS Vs = +15¥, —55°C < T, < 125°C, unless otherwise noted. 


SYMBOL 


PARAMETER 


_| CONDITIONS 


Input Offset Voltage 


(Note 1) 


AV, Average Input Offset Voltage Drift 
ATemp Without External Trim 
With External Trim =a) Null Pot = 20k0 (Note 2) 
los Input Offset Current 
Al Average Input Offset Current Drift T(wote 2) 
ATemp 


Input Bias Current 


Average Input Bias Current Drift 


input Voltage Range 


(Note 2) 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 
Large Signal Voltage Gain 


Vs = +3V to + 18V 
R, = 2ko, V, = +10V 


Output Voltage Swing 


ELECTRICAL CHARACTERISTICS \, = = 15v, 1, = 25°C, uniess otherwise noted. 


H/C 


paAec 


pAl°C 


OP-07¢ 
SYMBOL CONDITIONS MIN- =6TYP) MAX UNITS 
Vos Input Offset Voltage (Note 1) 30 75 60 150 uV 
AV, Long Term Input Offset Voltage 
Atime Stability (Notes 2 and 3) 0.4 2.0 zV/Month 
los Input Offset Current a eee 08 6.0 nA 
la Input Bias Current fo —i‘“—s—sSrY +12 +40 +18 +70 nA 
Cy Input Noise Voltage 0.1Hz to 10Hz (Note 2) 0.35 0.6 0.35 (0.65 BV op 
Input Noise Voltage Density fo = 10Hz 10.3 18.0 10.5 20.0 pm 
fo = 100Hz (Note 2) ; 102 135 | nWVdHz 
fy = 1000Hz 9.8 11.5 
th Input Noise Current 0.1Hz to 10Hz (Note 2) 15 35 PAp-p 
Input Noise Current Density f. = 10Hz 0.32 «0.90 
f= toot (Note 2) 0.15 0.27 | parviz 
fy = 1000HZ 0.13 = 0.18 
Rin Input Resistance Differential Mode | (Note 4) 8 33 Mo 
Input Resistance Common Mode 120 Go 
Input Voltage Range +13.5 +140 +13.0 +140 Vv 
CMRR Common Mode Rejection Ratio Vom = + 13V 106 123 100 120 i dB 
PSRR Power Supply Rejection Ratio Vs = +3V to + 18V 94 106 90 104 dB 
Avot Large Signal Voltage Gain Ry = 2k0, Vo = + 10V 200 500 120 400 
R, = 5002, Vo = +0.5V 150 = 400 100 400 vimV 
Vs = +3V (Note 4) — 
Vo Maximum Output Voltage Swing | R, = 10ka +125 +13.0 +125 + 13.0 
R, = 2k +12.0 +128 +115 +128 v 
| Ri = ike +105 +120 +120 
SR Slewing Rate R. = 2ko (Note 2) 01 025 O01 02 | Vas 
GBW Closed Loop Bandwidth Ave. = +1 (Note 2) 0.4 0.6 0.4 0.6 MHz 
Open Loop Output Impedance Vo = 0, Ip = 0, f = 10HZ 60 60 ae Q 
Py Power Dissipation Vs = + 15V. 75 120 80 150 mW 
Vs = +3V. 4 6 4 8 mw 
Offset Adjustment Range Null Pot = 20kQ +4 +4 mV 
See Notes on page 2-332 
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OP-07 


ELECTRICAL CHARACTERISTICS Vs = + 15¥, 0°C < T, < 70°C, unless otherwise noted. 


OP-O7E OP-07 
SYMBOL PARAMETER CONDITIONS MIN OTYP) MAX min OTYP))=— MAX UNITS 
Vos Input Offset Voltage 45 130 i. 85 250 av 
AVos Average Input Offset Voltage Drift { 
Atemp Without Externat Trim e 0.3 13 0.5 1.8 3 
With External Trim Null Pot = 20ke (Note 2) i 03.13 | 04 16 ee 
i ae i 
los Input Offset Current e 0.9 53 | 1.6 8.0 nA 
Al Average Input Offset Current Drift Tnote 2) e 8 35 12 50 pA/°c 
Atemp 
1 . oe te r 
B Input Bias Current e +15 +55 +22 +90 nA 
Al Average Input Bias Current Drift | (Note 2) e 13 35 | 18 50 parc 
Atemp 
+— 4 
Input Voltage Range LL @/+130 +135 _| £130 +135 V 
CMRR Common Mode Rejection Ratio Vom = + 18V 103 123, 4 97 420 dB 
PSRR Power Supply Rejection Ratio Vs = +3V to + 18V e| 90 104 86 100 ] dB 
Avge Large Signal Voltage Gain Ry > 2k0, Vy = + 10V [e| 180 450 ~ {100 400 [Viv 
Vout Output Voltage Swing Ry = 2k @(+120 +126 [+110 +126 L v 


The @ denotes the specifications which apply over full operating 


temperature 


For MIL-STD components, please refer to LTC 883C data sheet for test 


range. 


listing and parameters. 
Note 1: Offset voltage for the OP-07A is measured 60 seconds after 


power is applied. All other grades are measured with high speed test 


equipment, approximately 1 second after power is applied. 
Note 2: This parameter is tested on a sample basis only. 


Note 3: Long term Input Offset Voltage Stability refers to the 
averaged trend tine of Vog versus Time over extended periods after 
the first 30 days of operation. Excluding the initial hour of operation, 
Changes in Vos during the first 30 operating days are typically 2.5uV. 
Note 4: This parameter is guaranteed by design. 

Note 5: The OP-07D is available by special request. 
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OP-07 
TYPICAL PERFORMANCE CHARACTERISTICS 


Low Frequency Noise Total Input Noise Voltage Open-Loop 
(Closed Loop Gain = 25,000) vs Frequency Frequency Response 
. 120 
-——t 
é g Je noe 
8 2 gs 
8 5 
g 3 cH ge“ 
S 3 nl E TTONY 
g 5 z 4 
= am 1 
a. if 
| | 
Mil 


Ht 
—A0 


, * 01 1 10 100 1k 10k. 100k 1M 10M 
TIME - SECONDS FREQUENCY (Hz) FREQUENCY (Hz) 


Common Mode Rejection Ratio Power Supply Rejection Ratio Long Term Stability of Four 
vs Frequency vs Frequency Representative Units 
130 10 
120 ati! Ta = 25°C 4 Litt 
Vg = +16V is 
140 FE MAA | | a4 
2 OUICONGIPT i - 
3 z ha 3 
B 90 7h fant +h ES \ I 3 
wo IE UI | Hi i. NI : 
ne 
70 THA 


wh. 


60 50 49 
1.0 10 100 tk 10k 100k 0.1 - 10 100 1k 10k @ 1 2 3 4 5 
FREQUENCY (Hz) FREQUENCY (Hz) TIME (MONTHS) 
Offset Voltage Change Due Open-Loop Gainvs . 
Warm-Up Drift to Thermal Shock Temperature 
25 30 1000 
Vg = + 15V + +. 4 
20 7 800 


OPEN LOOP GAIN (V/mY) 
3 
8 


ABSOLUTE CHANGE IN INPUT OFFSET VOLTAGE (uV) 
a 


ABSOLUTE CHANGE IN INPUT OFFSET VOLTAGE (xV} 


—50 0 50 100 
TEMPERATURE (°C) 


TIME AFTER POWER SUPPLY TURN ON (MINUTES) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Input Bias Current vs 
Temperature 


INPUT BIAS CURRENT (nA) 


TEMPERATURE (°C) 


Maximum Error vs 

Source Resistance 

1.0 
Ta = 26°C 

Vg = + 15V 


5 
@ 


2 
a 


MAXIMUM ERROR REFERRED TO INPUT (mV) 


MATCHED OR UNMATCHED SOURCE RESISTANCE (k22) 


Output Voltage vs 
Load Resistance 


Ta = +28°C 
Vg = + 15V 
Vin. = + 10mv 


a 


OUTPUT SWING (VOLTS) 
) 


LOAD RESISTANCE TO GROUND {kQ) 


MAXIMUM ERROR REFERRED TO INPUT (mV) INPUT OFFSET CURRENT (nA) 


POWER DISSIPATION (mW) 


Input Offset 
Current vs Temperature 


2.5 


2.0 


a 


° 


0.5 


1.0 


S 
() 


td 
a 


9 
> 


Ss 
te 


Arr 


50 
TEMPERATURE (°C) 


Maximum Error vs 
Source Resistance 


—55°C = T <= 125°C 
Vs = + 15V 


1.0 
MATCHED OR UNMATCHED SOURCE RESISTANCE (k®) 


Power Consumption 
vs Power Supply 


TOTAL SUPPLY VOLTAGE, V+ TO V— (VOLTS) 


Input Bias Current vs 
Differential Input Voltage | 
30 


AT |VowF |< 1.0¥, ligt< 2nA (OP-07)_| | 
< 3nA (OP-07) 
< 7nA (OP-07C) 


NON-INVERTING INPUT BIAS CURRENT (mA) 
o 


| 
iy 
co) 


—20 
DIFFERENTIAL INPUT VOLTAGE (VOLTS) 


Maximum Error vs 
Source Resistance 


ix} 


0°C = T <70°C 
Vg = + 15V 


f=) 


S 
B 
1 


OP-07C 


2 
ie) 


MAXIMUM ERROR REFERRED TO INPUT (mV/) 
r—) 
oO 


OP-07E 


0.1 10 100 


MATCHED OR UNMATCHED SOURCE RESISTANCE (kQ} 


1.0 


Output Short-Circuit 
Current vs Time 


— 10m, Vo 
+ 10MV, Vo 


OUTPUT SHORT CIRCUIT CURRENT (mA) 


0 1 2 3 4 
TIME FROM OUTPUT BEING SHORTED (MINUTES) 
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TYPICAL APPLICATIONS 


Precision Summing Amplifier Instrumentation Amplifier 
Ry Re 
2kKQ 2KQ 


Zn = 10060 


TEST CIRCUIT DIAGRAMS 


Offset Voltage Test Circuit t Offset Nulling and Low 
Frequency Noise Test Circuit 


RI 
x = 50k 


+ 18V 


Vo 


4 RESISTORS MUST HAVE 
LOW THERMOELECTRIC 


POTENTIAL : 2.5M Fis 


Ay = 1000 NOTES: 
1) RC APPROXIMATELY 10Hz FILTER 


2) OBSERVE OUTPUT FOR 10 SECONDS 
Ay = 25000 


t This circuit is also used as the burn-in configuration Application Tip: 
with supply voltages changed to + 20V, Ri =R3=10k, ee ; ; 
R2=2009, A =100 ‘When the OP-07 is used as a replacement in 725, 108/108A, 308/308A applications, 

aa | removal of external compensation is optional. For conventionally nulled 741 type appl 
cations, external trimming should be removed. Care should taken to avoid thermocou- 
ple voltages caused by temperature variations between the input terminals or dissimilar 
metab. 
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OP-07 
SCHEMATIC DIAGRAM 


E | 
- o~ . 
60uA Ch) CY) 120.8 2008 3 20% 
40k _ , 
Va NY] 


+ 
[<9] 
a 
8 
8 
ao 
ined 
i=) 
a 
NA 
8s 


, Q21 
A 02 Q14 
Q28 
CG) t6nA 120A) Q13 Cieza 240 3 $120 
VO [aR 4! 
PACKAGE DESCRIPTION 

H Package J8 Package N8 Package 
Metal Can 8 Lead Hermetic Dip 8 Lead Plastic 


0.015, 
aos 


NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED. 


NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED. 
“LEADS WITHIN 0.007 OF TRUE POSITION (TP} AT GAUGE PLANE 


“LEADS WITHIN 0,007 OF TRUE POSITION (TP) AT GALIGE PLANE. 


Tmax Ga Gi Tmax On Tmax Oa 
150°C | 150°C/W | 45°C/W 150°C | 100°C/W 100°C | 130°C/W 


NOTE: DIMENSIONS IN INCHES 


2-336 Wee 


| f Ln } 1D, OP-07CS8 
TECHNOLOGY Precision Operational 
Amplifier 

FEATURES DESCRIPTION 


= Guaranteed 150.V max. Offset Voltage 

@ Guaranteed 1.8,V/°C max. Offset Voltage Drift with 
Temperature 

= Excellent 2.0.V/Month max. Long Term Stability 

= Guaranteed 0.65pVp-p max. Noise 

= Guaranteed 7nA max. Input Bias Current 


APPLICATIONS 


= Thermocouple Amplifiers 

= Strain Gauge Amplifiers 

= Low Level Signal Processing 
= Medical Instrumentation 


The OP-07 offers excellent performance in applications re- 
quiring low offset voltage, low drift with time and tempera- 
ture and very low noise. Linear’s OP-07 is interchangeable 
with many of the precision op amp device types. The 
OP-07 also offers a wide input voltage range, high com- 
mon-mode rejection and low input bias current. These fea- 
tures result in optimum performance for small signal level 
and low frequency applications. Use of advanced design, 
processing and testing techniques make Linear’s OP-07 a 
superior choice over similar products. A buffered refer- 
ence application is shown below. For single op amp ap- 
plications requiring higher performance in the SO 
package, see the LT1001CS8. 


Precision Buffered Single Supply Reference 


LM129A 
Vout = 10.000V 


The OP-07 contributes less than 5% of the total drift with temperature, noise 
and long term drift of the reference application. 


Long Term Stability of Four 
Represeniative Units 


OFFSET VOLTAGE CHANGE (V) 


Were 
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ABSOLUTE MAXIMUM RATINGS 


PACKAGE/ORDER INFORMATION 


Supply Voltage 0.0... cccccsceeeeueeeeeeeeues +22V [ORDER PART NUMBER 
Differential Input Voltage ...............0cc cerca +30V TOP VIEW 
Input Voltage Equal to Supply Voltage OP-07CS8 
Output Short Circuit Duration.................. Indefinite 
Operating Temperature Range ............... 0°C to 70°C 
leaeer Sree 
Storage Temperature Range PART MARKING 
All Devices........ a asuusepeaseatseaes - 65°C to 150°C ——— 
Lead Temperature (Soldering, 10 sec,)............., 300°C pen OP07CS8 
L 
ELECTRICAL CHARACTERISTICS Vs = + 15V, Ta = 25°C, unless otherwise noted. 
a [ OP-07CS8 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Vos____| _ Input Offset Voltage (Note 1) [ 60 60. | ow 
AVos Long Term input Offset Voitage Stability (Notes 2 and 3) [ 0.4 2.0 pV/Month 
ATime LL 
los Input Offset Current 0.8 6.0 j- nA 
lp input Bias Current | [ +18 +7.0 nA 
en i Input Noise Voltage 0.1Hz to 10Hz (Note 2) 0.35 0.65 | uVp-p 
| Input Noise Voltage Density fo=10Hz [ 105. 20.0 nVAVHz 
fo=100Hz (Note 2) 10.2 13.5 nViVHz 
fo= 1000Hz 98 1.5 | nVWHz 
ln [in put Noise Current 0.1Hz to 10Hz (Note 2) 15 35 pAp-p 
Input Noise Current Density fo = 10Hz ii 0.32 0.90 pAvHz 
fo=100Hz (Note 2) 0.15 0.27 pAHz 
Bf | fo=1000Hz 043 018 | —_pANH 
Rin Input Resistance Differential Mode (Note 4) [ 8 33 MQ 
ck Input Resistance Common-Mode 420 ie Go 
Input Voltage Range [ + 13.0 + 14.0 Ans V 
CMRR _[ Common-Mode Rejection Ratio Vom = + 13V 400 120 dB 
PSRR Power Supply Rejection Ratio Ve= #3V to + 18V ; 90 104 = dB 
Avot Large Signal Voltage Gain RL = 2k0, Vo= + 10V 120 400 VimV 
R, = 5000, Vo= +0.5V 100 400 vimV 
Vg= +3V (Note 4) 
Vo Maximum Output Voltage Swing R, = 10k0 +12.5 + 13.0 v 
RL 22k0 £115 +128 V 
| R2tke +12.0 V 
SR i Stewing Rate RL 22kf (Note 2) 0.1 0.25 Vius 
GBW | Closed Loop Bandwidth [ Avo= +1 (Note 2) 0A 06 [MHz 
Zo mal Open Loop Output Impedance Vo=0, |, =0, f= 10Hz of: 60 _t 9 
Py Power Dissipation Vg= + 15V 80 150 mw 
a Vg= +3V 1 4 8 mw 
ait Offset Adjustment Range _|__Null Pot = 20k@ +4 | mV 
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OP-07CS8 


ELECTRICAL CHARACTERISTICS v= + 15v, 0°C<T,<70°C, unless otherwise noted. 


TT 

SYMBOL PARAMETER CONDITIONS 
Vos Input Offset Voltage 

AVog Average Input Offset Voltage Drift 
“ATemp Without External Trim 

With External Trim Null Pot = 20k@ (Note 2) 

log Input Offset Current 

Alos Average Input Offset Current Drift (Note 2) 
ATemp | 
lp Input Bias Current 

Alg Average input Bias Current Drift (Note 2} 
ATemp _| 

Input Voltage Range 

CMRAR Common-Mode Rejection Ratio Vow= + 13V 
PSRR Power Supply Rejection Ratio Vg= +3V to + 18V 
Avo. Large Signal Voltage Gain | A, = 2k0, V>= + 10V 
Vour Output Voltage Swing R_2=2k0 


The @ denotes specifications which apply over the full operating tempera- 


ture range. 


Note 1: Offset voltage is measured with high speed test equipment, ap- 


proximately 1 second after power is applied. 


Note 2: This parameter is tested on a sample basis only. 


a 

0.5 18 pVicC 

04 1.6 uViC 
aa nA 
e 12 50 parc 
e +2.2 +90 nA 
e 18 50 * DAIPC 
je; #130 2135 | v 
e 97 120 dB 
|e| 8&6 100 dB 
e 100 400 VimV 
e £110 +126 ! V 


OP-07CS8 
MIN TYP MAX | UNITS 
wV 


Note 3: Long Term Input Offset Voltage Stability refers to the averaged 


trend line of Vog versus Time over extended periods after the first 30 days of 


first 30 operating days are typically 2.5,V. 


Note 4: This parameter is guaranteed by design. 


operation. Excluding the initial hour of operation, changes in Vog during the 


Owen 
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OP-15/OP-16 


TECHNOLOGY precision, High Speed JFET-Input 


weg 


FEATURES 


= |mproved Specifications Compared to 
LF155/156 Devices 

= Guaranteed Low Offset Voltage 

= Guaranteed Low Oftset Drift 

= Guaranteed Bias Current Fully 
Warmed-Up over Temperature 

= OP-15: LF156 Speed with LF155 Power Dissipation 


500zV Max. 
5uV/°C Max. 


Guaranteed Supply Current 4mA Max. 

Guaranteed Slew Rate 10V/ps Min. 
m OP-16: 

Guaranteed Faster Slew Rate 18V/ys Min. 


No High Frequency Oscillation at Cold 
Temperatures 
= No Phase Reversal when Negative 
Common-Mode Limit is Exceeded 


APPLICATIONS 


# Long Term Precision Integration 

= Current to Voltage Conversion 

= Medical Instrumentation—CAT Scanner 
® High Speed, Precision Sample and Hold 


Operational Amplifiers 
DESCRIPTION 


The OP-15/ 16 series devices feature distinct advantages 
over other JFET-input operational amplifiers, in particular 
compared to LF155/ 156 types. 


The OP-15 has the speed of the LF156 design with the 
low power dissipation of the slower LF155. The OP-16 is 
considerably faster. Both devices offer offset voltages as 
low as 0.5mV, with guaranteed drift of 5uV/°C. Input 
bias current at 125°C is just a few nanoamperes. 


Other manufacturers’ OP-15/16 (and LF155/ 156) ex- 
hibit phase reversal at the output when the negative 
common-mode limit at the input is exceeded; i.e., driving 
from —12V to —15V with +15V supplies. This can 
cause lock-up in servo systems. As shown in the applica- 
tion section, Linear Technology’s OP-15/16 does not 
have this problem due to unique phase reversal protec- 
tion circuitry. 

In addition, Linear’s OP-16 is free from high frequency 
oscillation problems at cold temperatures, as is il- 
lustrated in the ‘‘Voltage Follower Small Signal Pulse 
Response’ photo. For applications requiring higher 
performance, see the LT1022, LT1055 and LT1056 data 
sheets. 


Fast, 12-Bit Current Comparator 


DELAY = 250ns 
* =1% FILM RESISTOR 


>f =HPS5082-2810 


Voltage Follower Small Signal Pulse Response 
Ta= —55°C 


C= 100pF 
VERTICAL SCALE = 20mV/DIV 
HORIZONTAL SCALE =0.2us/DIV 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 
A,B,E,FGrades..........00...0...00.. +22V 
C,GGrades . 6... eee, + 18V 

Internal Power Dissipation ................ 500mw 

Operating Temperature Range 
A,B, CGrades .............,. — 55°C to 125°C 
E,F,GGrades.................... 0°C to 70°C 

Junction Temperature... .... 0.0 00.0... 150°C 

Differential Input Voltage 
A,B,E,FGrades................0.000, +40V 
C,GGrades ..... eee +30V 

Input Voltage (Note 4) 

A,B,E,FGrades.....0.. 0000... 00 0, +20V 
C,GGrades ........ eee eee + 16V 

Output Short Circuit Duration............. Indefinite 

Storage Temperature Range ....... —65°C to 150°C 

Lead Temperature (Soldering, 10sec.)........ 300°C 


PACKAGE/OR 


DER INFORMATION 


fone ] ORDER PART NUMBER 
OP-15AH — OP-16AH 
OP-15BH -OP-16BH 
OP-15CH  OP-16CH 
OP-15EH OP-16EH 
OP-15FH OP-16FH 
x ace OP-15GH —_OP-16GH 
| = 
OP-15GN8 —_OP-16GN8 
| 


NB PACKAGE 
8 PIN PLASTIC OlP 


Vog is adjusted with a potentiometer 
ranging from 10k to 1M. The wiper 


is connected to V* 


ELECTRICAL CHARACTERISTICS v; = +15, T,=25°C untess otherwise noted, 


OP-15A/E OP-15B/F OP-15C/6 
SYMBOL PARAMETER CONDITIONS OP-16A/E OP-16B/F OP-166/G UNITS 
TYP MIN TYP MAX] MIN TYP MAX 
Input Offset Voltage i : ‘ 4 ‘ ; 

los Input Offset Current Tj =25°C (Note 1) - 3 10 - 6 20 ~ 12 50 pA 
Warmed-Up OP-15 - 5 22 - 10 40 - 20 100 pA 
OP-16 - 5 25 - 10 50 - 20 125 pA 
lp [input Bias Current F=25°C (Note 1) | — 415 250 | — 430 +100) — 460 +200 pA 
Warmed-Up OP-15 -_ #18 +110 - +40 +200 - +80 +400 pA 
OP-16 | — = 20) #130 | — 440 +250 | — +80 +500 pA 
Ri _|__ input Resistance - wre — | — 10% = = 10" if a 
Avot Large Signal Ru = 2kQ T 100° =424000~=CO— 5 20 — | 50 20 02«CO V/ mv 

Voltage Gain Vo= +10V | | 
Vo Output Voltage Ri =10k2 +12 +13 = +12 #13 - #12 £13 - v 
Swing | Ru=2ko #11 412.70 — Ea £127 -— {ttl 412.7 —-— v 
ls Supply Current OP-15 = 2.7 4.0 = 2.7 4.0 = 2.8 5.0 mA 
OP-16 | — 46 70 | — 46 70 | — 48 8.0 mA 
SR Slew Rate Ayo = +1 OP-15 10 13 — 75 = 5 9 = V/us 
| oP-16 | 18 20 - 12 18 _ 9 16 - V/ys 
GBW Gain Bandwidth (Note 3)  OP-15 4.0 6.0 tl ae ee 3.0 5.4 MHz 
Product , OP-16 - 8.0 - - 7.6 - — 7.2 - MHz 
Settling Time to0.01%  OP-15 - 45. — | — 4500 = - 470° = as 
(Note 2) to 0.10% _ 41200 = - 120°- = 1300- us 
to0.01%  OP-16 = {8S = 380° = = 40. — Ks 
El to 0.10% - 09 = = 09 — = 10 = ys 
Input Voltage Range #105 — - #105  — > #1030 = - V 
CMRR | Common-Mode Vow = & 10.5V 86 1000 86 10000 - - - dB 
Rejection Ratio Vom = + 10.3V - 82 96 - dB 
PSRR Power Supply Vg = +10V to + 18V —- 10 5 = 10 51 - = = W/V 
Rejection Ratio Vs=£10Vto +16V. | — - Tue as - - - 10 80 BV/V 
en T Input Noise ~T fo = 100Hz = 20 S = 20 ~ = 20 = aW/Vaz 
Voltage Density fo = 1000H2 - 15 - - 15 - 15 - nv/VHz 
in “il Input Noise T fo =100Hz = 001 — = 001 — 7 oo — pA/VHz 
Current Density fo = 1000Hz _ oor -— | —- 0.01. — - a pA/VHz 
Cw | Input Capacitance = 3 ad — 3 = - 3 = pF 
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ELECTRICAL CHARACTERISTICS vs = + 15v, —55°C <T, < 125°C unless otherwise noted. 


OP-15A OP-15B | OP-15C 
SYMBOL PARAMETER CONDITIONS OP-16A OP-16B OP-16C UNITS 
TYP MAX MIN TYP MAX | MIN TYP MAX 
4 + 7 a 
Vos Input Offset Voltage Rg =502 e 0.4 0.9 - 0.7 2.0 a 0.9 4.5 mV 
Average Input Offset 
Voltage Drift : 
TCVgs Without External 2 5 a 3 10 - 4 15 yN/°C 
Trim 
TCVosn With Externat Rp=100k2 2 - - 3 = oc 4 7 NEC 
Trim al ji 
los Input Offset Tj = 125°C (Note 1) e 0.6 4.0 Es 0.8 6.0 ia 1.0 9.0 nA 
Current Ta = 125°C, Warmed-Up OP-15 | @ 0.8 7.0 rl 1.2 ab) - 1.5 7 nA 
OP-16 e 1.0 85 1 1.3 14.5 = V7 22 nA 
IB | input Bias T= 125°C (Note 1) e zi2 50 | —- 215 475 | — #18 #10 nA 
Current Ty =125°C, Warmed-Up OP-15 | @ +£1.77 +£9.0 = £22 +14 — +27 +19 nA 
OP-16 e 42.0 411 _ 225 +18 = +30 £25 | nA 
Input Voltage Range e - - +10.4 - = 410.25 — a Vv 
CMRR Common-Mode Rejection | Voy = + 10.4V e 97 -_ 7 85 97 = -_ oe = dB 
Ratio Vom = + 10.25V e | 80 9 i= dB 
PSRR Power Supply Rejection | Vg= + 10V to + 18V ° eo 8 |- 6 @ |- - [> w/v 
Ratio | Vs= +10V to + 15V e | 23 : 100 BIN 
AVOL |" Large Signa! Voltage Gain | Ry = 2k2 e 120 = 30 110 - 25 400 — V/mV 
Vgo= + 10V 
Vo | Output Voltage Swing Ry = 10k ic #12 +13 = +12 +13 _— Tei +13 Ea | v 
ELECTRICAL CHARACTERISTICS Vs = +15V, 0°C <Ta< 70°C unless otherwise noted. 
OP-15E oP-15F onic 
SYMBOL PARAMETER CONDITIONS OP-16E OP-16F OP-166 UNITS 
MIN TYP MAX MIN TYP MAX MIN TYP | MAX 
Vos input Offset Voltage [as =502 naz 0.3 0.75 - 0.55 1.5 _ 0.7 3.8 mV 
| Average Input 
Offset Voltage 
Drift 
TCVos Without External = 2 5 -_ 3 10 = 4 15 uVv/°C 
Trim 
TCVosn With External Rp = 100k - 2 - - 3 - - 4 - w/e 
Trim : 
los Input Offset | Tj=70°C (Note 1) e - 0.04 0.30 = 0.06 0.45 aa 0.08 0.65 nA 
Current Ta=70°C, Warmed-Up OP-15 | @| — 0.06 0.55 = 0.08 0.80 = 0.10 : 1.2 nA 
OP-16 e = 0.10 14 - 0.15 1% nA 
\B Input Bias Tj =70°C (Note 1) e = +£0.12 +0.60 = +0.14 +0.80 nA 
Current Ta=70°C, Warmed-Up OP-15 | @ = $0.16 £1.1 — 40.19 +15 nA 
OP-16 e - +0.20 41.4 - +0.25 +2.0 nA 
| Input Voltage Range e £104 — os | 10.25 — ee Vv 
CMRR Common-Mode Rejection | Vom= +10.4V e 85 98 mi = = ro dB 
Ratio Vom = + 10.25V ° - - - 80 94 - dB 
pam oe “Reta 
PSRR Power Supply Rejection Vg = + 10V to 4 18V - 13 57 - 13 57 - - - B/N 
Ratio Vg = + 10V to + 15V = - = - na = = 20 100 pv/V 
- ; es 4 $$ 
Avo Large Signal Voltage Gain | Ry = 2k2 65 200 - 50 180 = 35 160 _ V/mvV 
Vo= + 10V 
Vo [ Output Voltage Swing | Ry = 10k2 x12. £13 — |at2 +13 = fe 213 re alh Vv 
The @ denotes the specifications which apply over full operating Note 2: Settling time is defined here for a unity gain inverter connection 


temperature range. 
For MIL-STD components, please refer to LTC 883C data sheet for test 
listing and parameters. 


Note 1: input bias current is specified for two different conditions. The T, 
specification is with the junction at ambient temperature; the warmed-up 
specification is with the device operating in a warmed-up condition at the 
ambient temperature specified. Ig and Igs are measured at Vow = 0. 


LY ee 


using 2kQ resistors. It is the time required for the error voltage (the 
voltage at the inverting input pin on the amplifier) to settle to within a 
specified percentage of its final value from the time a 10V step input is 
applied to the inverter. 

Note 3: Sample tested. 

Note 4: Unless otherwise specified, the absolute maximum negative 
input voltage is equal to the negative power supply voltage. 


2-343 


OP-15/OP-16 


APPLICATIONS 


Voltage Follower with Input Exceeding the Negative 


Common-Mode Range 


INPUT 3 
£15V 
SINE WAVE 


OUTPUT 


4 2k 
—15V 


poilell OUTPUT 
opas/i6 LINEAR TECH 
LF155/56 OP-15/16 
10V/DIV 10V/DIV 
0.5ms/DIV 0.5ms/DIV 0.5ms/DIV 
H Package N8 Package 
Metal Can 8 Lead Plastic 
0.355 —0.370 
(9.017 —9.398) 
DIA 
a 0:3065- 0.335 
‘ | (7.747 8.58 0.240—0.280 
(1.016) i i (6.096 — 7.112) 
i i270 0.165 ~ 0.165 
tt man (4.191 — 4,699) — 
SEATING ry 
PLANE 4 4 -—-U- I }-—— oe 0.500 — 0.750 | LL 0.040 MAX 0. 
oie oni ai i i i} (12.70— 19.05) (1.016) 1524 
(0.254—1.143) i baw eRe 0.370-0.400 
| | 2.016 = 0.021 8.020 {9.400—10.16) 
{0.406 — 0.533) (0.508) 0.005 ° 
TYP os | fe127) ae 7° $5 
\ MIN 
asetP < JL 0.027 0.048, osss*o.78 
0.027-0.098 4S (0.686 - 1.143) TETAS) oy } 
(0.686 —0.868) —_F : q 
elses 0125-0130 0.150.145 4 \ 
—— 775 —3.902) uaa 921 — 3.683) " NY 
“ f =s] “0.008 — 0.015 
Barrer 0.960 =e Wate .008 — 0. 
ee 10.762 —1.524) peers ~*~ (9.203—0.381) 
0.100, TYP TYP 
Paty 0.014-0.023, 0,290-0.310 
0.100 TYP 0: iw.ss8 70.88) a 388) (7.366 — 7.874) 


0.120-0.160 BSC* 
(3.048 — 4.064) RAD TYP 
INSULATING 
STANDOFF 


NOTE: DIMENSIONS tN INCHES 


9p 
150°C /W 


Tymax 
150°C 


te 
45°C /W 


MOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 
“LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


ny 
130°C /W 
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FEATURES 


= Guaranteed 3.8nV/V/Hz max 1kHz Noise 

= Guaranteed 5.5nV/V/Hz max 10Hz Noise 

= Very Low Peak-to-Peak Noise, 80nV Typical 

= Guaranteed 25~N max Offset Voltage 

= Guaranteed 0.6yV/°C max Drift with Temperature 
= Guaranteed 11V/ysec min Slew Rate (OP-37) 

= Guaranteed 1 Million min Voltage Gain 


APPLICATIONS 


= Low Level Transducer Amplifiers 
= Precision Threshold Detectors 

® Tape Head Preamplifiers 

= Microphone Preamplifiers 

= Direct Coupled Audio Gain Stages 


Low Noise, Multiplexed Thermocouple Amplifier 


TYPE S THERMOCOUPLES 
§.4uV/°C AT O°C 


COLD JUNCTION 
CIRCUITRY 


HIGH QUALITY 
SINGLE POINT GROUND 


OP-27/OP-37 


Low Noise, High Speed 
Precision Operational 


Amplifiers 
DESCRIPTION 


The OP-27/OP-37 series of operational amplifiers combine 
outstanding noise performance with excellent precision and 
high s specifications. The wideband noise is only 
3nV/Hz, and with the 1/f noise corner at 2.7Hz, low noise 
is maintained for all low frequency instrumentation applica- 
tions. Precision DC specifications match or exceed the best 
available op amps: offset voltage is 10pV, drift with 
temperature and time are 0.2nV/°C and 0.2yV/month, 
respectively; common mode rejection is 126dB, voltage gain 
is two million. The unity gain compensated OP-27 is an 
order of magnitude faster than other precision op amps. The 
decompensated OP-37 is even faster at a gain-bandwidth 
product of 63MHz and 17V/psec slew tate. These charac- 
teristics plus Linear Technology’s advanced process and 
test techniques make the OP-27/37 an excellent choice for 
performance and reliability in all low noise, precision ampli- 
fier applications. In addition, Linear’s OP-37 is completely 
latch-up free in high gain, large capacitive feedback con- 
figurations. The accurate, microvolt, tow noise signal han- 
dling capabilities of the OP-27/37 are taken advantage of in 
the multiplexed thermocouple application shown. 

For applications requiring higher performance, see the 
LT1007 and T1037 data sheets. 


0.1Hz to 10Hz Noise 


VOLTAGE NOISE (20nV/ DIV) 


If 24 channels are multiplexed per second, and the output is required to settle to 
0.1% accuracy, the amplifier’s bandwidth cannot be limited to less than 30Hz. Yet 
the noise contribution of the OP-27 will still be only 0.11,Vp-p, which is equivalent 


to an error of only 0.02°C. 


LT WR 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage... 0.0.00. 0 eee + 22V 
Internal Power Dissipation ................ 500mw 
Input Vollage .............. Equal to Supply Voltage 
Output Short Circuit Duration. ............ Indefinite 
Differential Input Current (Note8).......... + 25mA 
Lead Temperature (Soldering, 10sec.)........ 300°C 
Operating Temperature Range 

OP-27/0P-37A,C ............ —55°C to 125°C 

OP-27/0P-37E,G ............. — 25°C ta 85°C 
Junction Temperature Range 

OP-27/0P-37A,C ............ —55°C to 150°C 

OP-27/0P-37E,G ............ ~— 25°C to 125°C 
Storage Temperature Range 

OP-27/0P-37A,C,E,G — 65°C to 150°C 


PACKAGE/ORDER INFORMATION 


TOP VIEW 
Vos TRIM 
Tos 


L ORDER PART NUMBER | 


Qv- i 
Na OP-27AH OP-37AH 


OP-27CH  OP-37CH 
(5) ne OP-27EH OP-37EH 
V-(CASE) OP-27GH  OP-37GH 


METAL CAN H PACKAGE 


E 
[ OP-27AJ8 OP-37EJ8 


TOP VIEW 


OP-27CJ8 OP-37GJ8 
OP-27EJ8 OP-27EN8 
OP-276J8 OP-27GN8 
HERMETIC DIP J8 PACKAGE APOTCE Hinds 


PLASTIC DIP N8 PACKAGE 


OP-27A,E/OP-37A,E OP-27C,G/OP-37C,G 


SYMBOL | PARAMETER CONDITIONS MIN TYP MAX L MIN TYP MAX UNITS 

Vos Input Offset Voltage T (Note 1) 10 25 30 100 | pV 

AVos__| Long Term Offset Voltage (Note 2) 0.2 10 1 0.4 2.0 #V/Mo 
Atime | Stability LL | 

los __| Input Offset Current fe 7 351 12 75 nA 

lp Input Bias Current +10 +40 #15 + 80 nA 

ey input Noise Voltage Awe to 10Hz (Notes 3 and 5) 0.08 0.18 | 0.09 0.25 uVp-p 

Input Noise Voltage {p= 10Hz (Note 3) 3.5 55 | 3.8 8.0 | nV/VHz 

Density fo =30Hz (Note 3) 3.1 4.5 3.3 5.6 nv/VHz 

{ fo=1000Hz (Note 3) 3.0 3.8 | 3245 | aviv 

in Input Noise Current f,=10Hz (Notes 3 and 6) 1.7 4.0 1.7 pA/VHz 

Density f)=30Hz (Notes 3 and 6) 1.0 2.3 1.0 pA/ Viz 

| fo= 1000Hz (Notes 3 and 6) 0.4 0.6 0.4 0.6 | pA/VHz 

taput Resistance—Common Mode 3 si 2 GQ 

Input Voltage Range £11.00 +12.3 £11.0 +12.3 Vv 


CMARR | Common Mode Rejection Ratio \ Vom =+11V 


PSRR Power Supply Rejection Ratio Vg=+4V to + 18V 

Avo. Large Signal Voltage Gain Ry = 2kQ, Vo= + 10V V/mvV 
R_ >= 1kQ, Vo= + 10V 1500 V/mV 
R, =6000, Vp= +1V 250 700 200 500 V/mV 

Vg = + 4V (Note 4) va 
Vout Maximum Output Voltage Swing TRL= 2k2 #12.0 413.8 £11.5 413.5 Vv 
_t R, = 6000 +10.0 411.5 p00 #115 V 
SR Stew Rate OP-27 R= 2kQ (Note 4) 1.7 2.8 1.7 2.8 V/ps 
p-37 Avc. = 5 (Note 4) 11 17 11 17 V/us 
GBW ‘| Gain-Bandwidth OP-27 ) fo = 100kHz (Note 4) 5.0 8.0 “y 5.0 8.0 MHz 
Product OP-37 fo = 10kHz (Note 4) 45 63 45 63 MHz 
L. fo= IMHz (Ayc.= 5) 40 40 MHz 
Zo Open Loop Output Resistance Vo =0, Io =0 70 70 (9) 
Py | Power Dissipation 90 140 oo 170 «| =~ sW 
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ELECTRICAL CHARACTERISTICS vs = + 15v, 55°C <T,= 125°C, unless otherwise noted. 


OP-27A/0P-37A OP-27C /OP-37C 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX iz MIN TYP MAX UNITS 
Vos Input Offset Voltage (Note 1) | ° 30 60 70 300 pV 
AVos Average Input (Note 7) e 0.2 0.6 0.4 1.8 pV/°C 
“Atemp. Offset Drift 


\p 


Input Offset Current 
Input Bias Current 


+35 


+ 150 


Input Voltage Range e +10.3 +11.5 aE #10.2  +11.5 

CMRR Common Mode Vom= + 10V [e 108 122 94 116 dB 
Rejection Ratio ie | 

PSRR ~| Power Supply Vg=+4.5Vto +18V | © 96 116 86 110 dB 
Rejection Ratio L 

Avot Large Signal Ry = 2kO, Vo=+10V | © 600 1200 300 800 V/mv 

| Voltage Gain it { | 

Vout Maximum Output RL > 2kQ e #115 2413.5 +105 +13.0 V 

Voltage Swing | pe 


ELECTRICAL CHARACTERISTICS Vs = +15V, —25°C <T,<85°C, unless otherwise noted. 


OP-27E/OP-37E OP-27G/0P-37G 

SYMBOL | PARAMETER | Sonoerions MIN TYP MAX ia MIN TYP MAX LL UNITS 

Vos Input Offset Voltage (Note 1) | e 20 50 55 220 BV 

AVos Average Input (Note 7) e 0.2 06 | 0.4 1.8 pv/°C 

“Atemp Offset Drift : 

los | Input Offset Current | e 10 50 20 135 a nA 

lp Input Bias Current #14 +60 tt +25 +150 | nA 
Input Voltage Range | +105 +118 +10.5 +118 Zz V 

CMRR | Common Mode Vom = = 10V 110 124 “| 96 118 dB 
Rejection Ratio 

PSRR Power Supply Vg= +4.5V to + 18V 97 118 90 114 dB 
Rejection Ratio 

Avov Large Signal Ry = 2kQ, Vo= + 10V 750 1500 a 450 1000 V/mVv 
Voltage Gain 

Vaur Maximum Output R= 2ko —Te Tait? £136 Taito #133 V 
Voltage Swing — 


The @ denotes the specifications which apply over full operating 


Note 4: Parameter is guaranteed by design and is not tested. 


temperature range. 


Note 1: input Offset Voltage measurements are performed by automatic 
test equipment approximately 0.5 seconds after application of power. A 
and E grades are guaranteed fully warmed up. 

Note 2: Long Term Input Offset Voltage Stability refers to the average 
trend line of Offset Voltage vs Time over extended periods after the first 
30 days of operation. Excluding the initial hour of operation, changes in 
Vog during the first 30 days are typically 2.5uV—refer to typical perform- 


Note 5: See test circuit and frequency response curve for 0.1Hz to 10Hz 
tester in Applications Information section. 

Note 6: See test circuit for current noise measurement in Applications 
Information section. 

Note 7: The Average Input Offset Drift performance is within the 
specifications unnulled or when nulled with a pot having a range of 8kQ 
to 20ka. 


Note 8: The OP-27/37's inputs are protected by back-td-back diodes. 


ance curve. ; Current limiting resistors are not used in order to achieve low noise. If 
Note 3: Sample tested. Contact factory for 100% testing of 10Hz voltage differential input voltage exceeds + 0.7V, the input current should be 
noise. limited to 25mA. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Input Wideband Voltage 
Noise vs Bandwidth (0.1Hz 
to Frequency Indicated) 


Ta=25°C 


Voltage Noise vs dhasea IN 


= 


CAI 
NT 


ft 
CCT 


= aerntood 


y 


VOLTAGE NOISE (n¥V/ Vz) 
RMS VOLTAGE NOISE (V) 


= 
at 


BANDWIDTH ity 


1 10 100 1006 
FREQUENCY (Hz) 


Voltage Noise vs 
Temperature 


Voltage Noise vs Supply 
Voltage 


5 


VOLTAGE NOISE (n¥/~/Hz) 
w 
VOLTAGE NOISE (nV/VHz) 


1 
-50 -25 0 2 50 75 
TEMPERATURE (°C) 


100125 0 10 20 
TOTAL SUPPLY VOLTAGE (V+ —V—) (VOLTS) 


Open Loop Voltage Gain vs 
Voltage Gain vs Frequency Supply Ty 
a ete 
ae 
3 3 
¥ & 
5 3 1.0 
e g 
0.5 
1 
0.1 1 10 100 tk 10k 100k 1M 10M 100M 10 20 a 40 50 


FREQUENCY (Hz) TOTAL SUPPLY VOLTAGE (VOLTS) 


Total Noise vs Source 
Resistance 


Ta=25°C 
Vs = £15V 


TOTAL NOISE (nV/-JHiz) 


SOURCE RESISTANCE (1) 


Current Noise vs Frequency 
10.0 


2) 


1.0 


CURRENT NOISE (pA/ 


1/4 CORNER =140Hz 
Tq 


01 
10 100 1k 10k 
FREQUENCY (Hz) 


Open Loop Valtage Gain vs 
Load Resistance 


“ol 1.0 10 100 
LOAD RESISTANCE (k0) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Offset Voltage Drift of 
Representative Units 


= 
oe 


OP-27/37A | OP-27/370 te 
Pan 
—, 


e- “OP-27/37A 


100 


= 
P-27/376 


INPUT GFFSET VOLTAGE (pV) 
i—7 


-50 -25 o 2% 50 75 100 125 
TEMPERATURE (°C) 


Offset Voltage Change Due 
to Thermal Shock 


30 
Vg = £15V 


25 


P| __| 
VA Garr 
eT 


DEVICE IMMERSED —| 
IN 70°C OIL BATH — 


ABSOLUTE CHANGE IN INPUT OFFSET VOLTAGE ():¥) 
a 


-2 Oo 2 4 60 980 100 
TIME (SECONDS) 


Supply Current vs Supply 
Voltage 


SUPPLY CURRENT (mA) 


“5 5 25 35 45 
TOTAL SUPPLY VOLTAGE (VOLTS) 


Long Term Drift of 
Representative Units 


CHANGE IN OFFSET VOLTAGE (.V) 


= 
o 1 2 3 4 § 6 7 8 
TIME (MONTHS) 


Input Bias Current vs 
Temperature 


INPUT BIAS CURRENT (fA) 


-50 -25 0 25 50 75 


TEMPERATURE (°C) 


100 125 150 


Short Circuit Current vs 
Time 


SHORT CIRCUIT CURRENT (mA) 


Q 1 2 3 4 
TIME FROM OUTPUT SHORTED TO GROUND (MINUTES) 


CHANGE IN INPUT OFFSET VOLTAGE (xV)} 


INPUT OFFSET CURRENT (nA) 


OUTPUT SWING (¥OLTS) 
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Warm-Up Drift 


Ta=25°C 
Vg = +15V 
10 
OP-27/376/G 
5 + 
OP-27/37A/ 
y 
0 
2 3 4 5 
TIME AFTER POWER ON (MINUTES) 


Input Offset Currentivs 
Temperature 
50 
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—75 ~§0 -25 0 


25 «(50 
TEMPERATURE (°C) 
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Maximum Output Swing vs 
Resistive Load 
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eee J 


aval 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Common Mode input Range 
vs Supply Voltage 


Common Made Rejection vs 
Frequency 


CMRR (dB) 


105 108 


FREQUENCY (Hz) 


OP-27 Small Signal 
Transient Response 


50mV 
ov 
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Ayer= +1, Vs= + 16¥ 
C_=15pF 


OP-27 Slew Rate, Gain 
Bandwidth Product, Phase 
Margin vs Temperature 


70 |V¥s= +15V 


COMMON MODE RANGE (VOLTS) 
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SUPPLY VOLTAGE(VOLTS) 
OP-27 Large Signal 


Transient Response 


AyeL= —1, Vg= £18¥ 


10 
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PEAK-TO-PEAK QUTPUT VOLTAGE (VOLTS) 


PSRR vs Frequency 
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OP-27 Gain, Phase Shift vs 
Frequency 
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TYPICAL PERFORMANCE CHARACTERISTICS 


OP-37 Maximum 
OP-37 Small Signal Undistorted Output vs 
Transient Response OP-37 Large Signal Response Frequency 


SOmV 


ov 


Aye. = +5, Vg= +15V 
CL=15pF 


OP-37 Slew Rate, Gain 
Bandwidth Product, Phase 
Margin vs Temperature 
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OP-37 Slew Rate vs Load 


SLEW RATE (¥/ SEC) 
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Ta=25°C 
Vg = +15V 


r 
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OP-37 Slew Rate vs Supply 
Voltage 
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APPLICATIONS INFORMATION 


General 


The OP-27/37 series devices may be inserted directly 
into OP-07, OP-05, 725, and 5534 sockets with or with- 
out removal of external compensation or nulling compo- 
nents. In addition, the OP-27/37 may be fitted to 741 
sockets with the removal or modification of external nuil- 
ing components. 


Noise Testing 


The 0.1Hz to 10Hz peak-to-peak noise of the OP-27/0P-37 
is measured in the test circuit shown. The frequency 
response of this noise tester indicates that the 0.1Hz cor- 
ner is defined by only one zero. The test time to measure 
0.1Hz to 10Hz noise should not exceed 10 seconds, as 
this time limit acts as an additional zero to eliminate noise 
contributions from the frequency band below 0.1Hz. 


Measuring the typical 80nV peak-to-peak noise perform- 
ance of the OP-27/37 requires special test precautions: 


(a) The device should be warmed up for at least five 
minutes. As the op amp warms up, its offset voltage 
changes typically 4uV due to its chip temperature 
increasing 10°C to 20°C from the moment the power 
supplies are turned on. In the 10 second measure- 
ment interval these temperature-induced effects can 
easily exceed tens of nanovolts. 


0.1Hz to 10Hz Noise Test Circuit 


4 


VOLTAGE GAIN 
ee =50,000 


*OP-27/0P-37 DEVICE UNDER TEST 


NOTE: ALL CAPACITOR VALUES ARE FOR 
NON-POLARIZES CAPACITORS ONLY. = 


(b) For similar reasons, the device must be well shielded 
from air currents to eliminate the possibility of ther- 
moelectric effects in excess of a few nanovolits, 
which would invalidate the measurements. 


(c) Sudden motion in the vicinity of the device can also 
‘feedthrough’ to increase the observed noise. 


A noise-voltage density test is recommended when 
measuring noise on a large number of units. A 10Hz 
noise-voltage density measurement will correlate well 
with a 0.11z to 10Hz peak-to-peak noise reading since 
both results are determined by the white noise and the 
location of the 1/f corner frequency. 


Current noise is measured and caiculated by the following 
formula: 


,, — Le°no—(130nV)?) 
n=" TMQ x 100 


0.1Hz to 10Hz2 p-p Noise 
Tester Frequency Response 
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APPLICATIONS INFORMATION 


Offset Voitage Adjustment 


The input offset voltage of the OP-27/37, and its drift 
with temperature, are permanently trimmed at wafer 
testing to a low level. However, if further adjustment of 
Vos is necessary, the use of a 10k nulling potentiometer 
will not degrade drift with temperature. Trimming to a 
value other than zero creates a drift of (Vos/300) nV/°C, 
6.g., if Vos is adjusted to 300,V, the change in drift will 
be 1pV//°C. 


Standard Adjustment 


The adjustment range with a 10k pot is approximately 
+ 2.5mvV. If less adjustment range is needed, the sensi- 
tivity and resolution of the nulling can be improved by 
using a smaller pot in conjunction with fixed resistors. 
The example has an approximate null range of + 200,V. 


Improved Sensitivity Adjustment 


Offset Voltage and Drift 


Thermocouple effects, caused by temperature gradients 
across dissimilar metals at the contacts to the input ter- 
minals, can exceed the inherent drift of the amplifier 
unless proper care is exercised. Air currents should be 
minimized, package leads should be short, the two input 
leads should be close together and maintained at the 
same temperature. 


The circuit shown to measure offset voltage is also used 
as the burn-in configuration for the OP-27/37, with the 
supply voltages increased to +20V, R1=R3=10k, 
R2=2000, Ay = 100. 

Test Circuit for Offset Voltage 

and Offset Voltage Drift with 

Temperature 


1. “RESISTORS MUST HAVE LOW 
: THERMOELECTRIC POTENTIAL 


Unity Gain Buffer Applications (OP-27 Only) 


When R¢< 1002 and the input is driven witha fast, large 
signal pulse (>1V), the output waveform will look as 
shown in the pulsed operation diagram. 


R 


2.8¥/pSEC 


During the fast feedthrough-like portion of the output, the 
input protection diodes effectively short the output to the 
input and a current, limited only by the output short cir- 
cuit protection, will be drawn by the signal generator. 
With R¢=500Q, the output is capable of handling the 
current requirements (IL <20mA at 10V) and the 
amplifier stays in its active mode and a smooth transition 
will occur. 


As with all operational amplifiers when R¢> 2kQ, a pole 
will be created with Re and the amplifier’s input 
capacitance, creating additional phase shiftand reducing 
the phase margin. A small capacitor (20pF to 50pF) in 
parallel with R¢ will eliminate this problem. 


LY Wie 
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SCHEMATIC DIAGRAM 
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PACKAGE DESCRIPTION 


H Package J8 Package 
Metal Can 8 Lead Hermetic DIP 
0.355 --0.370 


(9.017 9.398) 
DA 


0.220-0.310 


0.305 — 0.335. 
(5.588 — 7.874) 


ii ca 
HA 


(1.616) 7 ; 
ih (1.270) 0.165 —0.185 
MAX (4.191 — 4.699) | 
SEATING r 0,055 
PLANE 4 J, — SAUBE 9 500— 0.750 71.397) 
‘01 oes Ml i iT (12.70— 19.05) MAX 
(0.254--1.143) eee | 0.405 
a : ol | g_9.018-0.021 ma 
(0.406 —0.533) 0.200 MAX 
ad (6.080) 9.015 - 9.060 0.005 
MAX. (0.381—1.524) ben 
Z MIN 
a5°TYP “4 0.027—0.045 
aoz7—0.004 AN (0.686 —1.143) 
0. 686 — 0.664} t 
: : $ Gtass aie ; ml\ 
ct 0.125~ 0.200 + (3.810) u iN 
{3.175 —5.080) min a iis 
| 0.030-0.070 ~»! en 0.008 — 0.015 
' Pm (0.752—1.778) ! ae (0. 203-0.381) 
a aoe TYP TYP 
a sa 0.014—0.023 9.290-0.320 
(2.540) BSC’ Bik be foe 5.290 - 9.320. 
0.120~0.160 je BSC" (0.356—0.584) 77.366 —8.128) 
{3.048 — 4.064) RAD TYP TP 
NOTE: DIMENSIONS IN INCHES (MILLIMETERS) UNLESS OTHERWISE NOTED 


SNSULATING 
= “LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


NOTE: DIMENSIONS IN INCHES (MILLIMETERS) 
Tymax op 


Tymax Op Oe 
beled . = : = ™ 
N8 Package 


8 Lead Plastic 


J =| Co ad 
[ie 0.080. 0.060 
nore" 52a 
sa 


0.370—-0.400 
et ~*~ jg. 400 — 10.16) x 
: 0 eee 
MIN a 7° 5 
Ra MIN 
0.135 —0.175 
(3.997 — 4.445) 
¥ ry p q 
0.125 - 0.130 0.115 0.145, | «i 
(S133 aenyseH : 
uv 
} 0.030 0.060 es 0.008 0.015 
a “<~ (0.762 —1.524) aA fons “(0.203 — 0.381) 
— TYP TYP 
bee 0.014-0.023 0.290-0.310 
1" (0.358058) (7.366 ~ 7.874) 


NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 
"LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 
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FEATURES 


@ Guaranteed 80uV Max. Vos 

= Guaranteed 6.0nV/VHz 10Hz Voltage Noise Density 
= Guaranteed 3.9nV//Hz 1kHz Voltage Noise Density 
@ Guaranteed 1pV/°C Max. Vos Drift 

® Guaranteed 1 Million Min. Voltage Gain 

@ Guaranteed Matching Characteristics 

= Guaranteed 10V/us Min. Slew Rate (OP-237) 


APPLICATIONS 


= Instrumentation Amplifiers 

# Low Level Signal Processing 
= Low Noise Audio Amplifiers 
= Strain Gauge Amplifiers 


OP-227/OP-237 


Dual Matched Low Noise 
Precision Op Amp 

and Dual High Speed Low Noise 
Precision Op Amp 


DESCRIPTION 


The OP-227 is a dual matched precision op amp which 
combines low offset, low noise, and high gain with ex- 
cellent matching characteristics. Typical individual 
amplifier specifications of 20nV Vos, 0.2nV/°C drift, 
10nA Ip and 2.8nV/VHz 10Hz noise voltage density 
make the OP-227 an impressive performer in terms of 
single amplifiers. Matching characteristics are specified 
with guaranteed limits on all critical parameters including 
Vos, Vos drift, IBias and CMRR (see the Features sec- 
tion), which make the OP-227 an ideal choice for two and 
three op amp instrumentation amplifier applications. 


The OP-237 offers DC specifications identical to the 
OP-227 and is decompensated for higher speed operation 
at inverting gains greater than 5. 


Precision Amplifier Drives 3000 Load to + 10V 
with 0.05% Accuracy 


20k 


340k 1% 15k 5% 


3650 1% 


Matching Characteristic; 
Drift of Offset Voltage Match 
of Representative Units 


~75 —-35 5 45 8 = 125: «165 
TEMPERATURE (°C) 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Note9)..........0...0005. +22V 
Internal Power Dissipation................ 5s00mW 
Input Voltage .............. Equal to Supply Voltage 
Output Short-Circuit Duration ............ Indefinite 
Differential Input Current (Note8).......... + 25mA 


Storage Temperature Range 


Operating Temperature 
OP-227A/237A/2270/237C .. —55°C to + 125°C 


OP-227E/ 237E/227G/237G ... 


—25°C to +85°C 


Lead Temperature Range (Soldering, 10sec.) .. 300°C 


PACKAGE/ORDER INFORMATION 


TOP VIEW 


ORDER 
PART NUMBER 


OP-227AJ OP-237AJ 
OP-227CJ OP-237CJ 
OP-227EJ OP-237EJ 
OP-227GJ OP-237Gu 
OP-227EN OP-237EN 
OP-227GN OP-237GN 


J PACKAGE N PACKAGE 
14 PIN HERMETIC = 14 PIN PLASTIC. 


NOTE: DEVICE MAY BE OPERATED EVEN IF INSERTION 
\S REVERSED; THIS {S DUE TO INHERENT SYMMETRY OF 
PIN LOCATIONS OF AMPLIFIERS A AND 8 (NOTE 9). 


ELECTRICAL CHARACTERISTICS individual ampiiiers 


Vs = + 15V, Ta=25°C, unless otherwise noted 


OP-227A, E OP-2276, G 
SYMBOL | PARAMETER CONDITIONS OP-237A, E OP-2376, G UNITS 
| MIN TYP MAX MIN TYP MAX ° 
Vag Input Offset Voltage (Note 1) pv 
Vos Long Term Vog Stability (Notes 2, 3) 
ATime 
log Input Offset Current - 7 35 - 12 75 nA 
Ip Input Bias Current aa +10 +40 = +15 +80 nA 
enp-p Input Noise Voltage 0.1Hz to 10Hz 3 0.06 0.20 = 0.06 0.28 pVp-p 
(Notes 3, 5) 
en Input Noise Voltage Density | fg = 10Hz (Note 3) ~ 2.8 6.0 - 2.8 9.0 nv/VHz 
fo =30Hz (Note 3) - 2.6 4.7 - 2.6 5.9 nv/VHz 
fo = 1000Hz (Note 3) ~_ 2.5 3.9 - 2.5 4.6 nv/VHz 
in Input Noise Current Density | f9 = 10Hz (Notes 3, 6) - 1.5 4.5 - 1.5 = pA/VHz 
fo =30Hz (Notes 3, 6) = 1.0 2.5 - 1.0 - pA/VHz 
fo = 1000Hz (Notes 3,6); — 0.4 0.7 — 0.4 0.7 pa/VHz 
r tnput Resistance— - 7 - - 5 => iil 6 
Common Mode | 
Input Voltage Range Tatt.0 £125 ae aaa #12.5 _ V 
CMRR Common Mode Rejection Vom = #11V 114 126 - 100 126 - dB 
Ratio 
PSRR Power Supply Rejection Ratio |Ve=+4Vto +18v. | — 1 no 2 20 uv/V 
Avo. | Large-Signal Voltage Gain | Ry = 2k, Vo= + 12V 3 20 = 2 20 - | WwW 
R_ 26000, Vp=+10V | 1 12 — 0.8 12 - V/pV 
Vour Output Voltage Swing R, = 2kQ +12.0 + 13.8 - +#11.5 +#13.5 - V 
R, 2 6002 £10.0 +125 - 410.0 412.5 _ v 
SR Siew Rate OP-227 | Ry > 2kQ \ 4.7 2.8 - 1.7 2.8 = V/ us 
OP-237 | Ayo. =5 10 15 = 10 15 — V/ps 
GBW Gain Bandwidth Prod. OP-227 | fp = 100kHz (Note 4) 5 8 = 5 8 - MHz 
OP-237 | fg = 10kHz (Note 4) 35 63 — 35 63 - MHz 
i OP-237 | f= 1MHz (Ayo. = 5) = 40 - — 40 = MHz 
Zo Open-Loop Output Resistance | Vp=0, In =0 - 70 = - 70 - 2 
Py Power Consumption Each Amplifier = 80 140 = 90 170 mW 
Offset Adjustment Range Rp=10kQ = +4 - - +4 - mV 
— | wen 
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ELECTRICAL CHARACTERISTICS incividuat ampitiers 


Vs = +15V, —25°C <T, <85°C, unless otherwise noted 


OP-227E OP-227G 
SYMBOL | PARAMETER CONDITIONS OP-237E OP-2376 UNITS 
MIN TYP MAX MIN TYP 
Vos Input Offset Voltage | (Note 1) aif eis 40 140 = 85 
AVos Average Input Offset (Note 7) e = 0.2 1.0 - 0.3 
“Temp | Drift | |. 
los Input Offset Current | el - 15 50 = 20 
Ig Input Bias Current = e| — +20 +60 = £35 
Input Voltage Range @ | +105 +115 - #105 +11.5 
CMRR Common Mode . Vem =+10V e r 110 424 ne 96 418 
Rejection Ratio 
PSRR Power Supply Vg= +4.5V to +18V | @ = 2 15 ie - 2 
Rejection Ratio ae 
Ayo Large Signal Voltage RL =2kQ, Vo=+10V | @ 1 14 a (iz 0.8 14 
Gain | 
Vout Output Voltage Swing | Ry = 2kQ @) #117 +136 - | £11.0 413.3 


ELECTRICAL CHARACTERISTICS Individual Amplifiers 


Vs = +15V, -55°C <T,<125°C, unless otherwise noted 


OP-227A OP-227C 

SYMBOL | PARAMETER CONDITIONS OP-237A OP-237C UNITS 

Input Offset Voltage (Note 1) e a 60 180 
AVos Average Input Offset T (Note 7) e 7 - 0.2 1.0 7 0.3 1.8 pV/°C 

Atemp | Drift 

log Input Offset Current = e| - 15 50 = 30 135 nA 

lp Input Bias Current e - +20 +60 +35 + 150 | nA 
Input Voltage Range e [ £10.55 +118 = +10.2 +118 ae V 

CMRR | Common Mode Vem = = 10V AG 108 122 — 1 e6 16 aB 
Rejection Ratio 

PSRR Power Supply | Vo= +4.5V to +18V | @ [ - 2 16 - 4 51 T wV/V 
Rejection Ratio 

Avot Large Signal Voltage RL=2kQ, Vp=+10V | @ 1 14 -_ 0.8 14 cag Vv 
Gain | 

Vout Output Voltage Swing [ RL = 2ko e er 5 £135 fad | #105 + 13.0 oe Vv 


The @ denotes the specifications which apply over the full operating 
temperature range. 

For MIL-STD components, please refer to LTC 883C data sheet for test 
listing and parameters. 

Note 1: Input offset voltage measurements are performed by automated 
test equipment approximately 0.5 seconds after application of power. 
Note 2: Long-Term Input Offset Voltage Stability refers to the average 
trend line ot Vos vs Time over extended periods atter the first 30 days of 
operation. 

Note 3: Sample tested. 

Note 4: Parameter is guaranteed by design. 

Note 5: See test circuit and frequency response curve for 0.1Hz to 10Hz 
tester. 


Note 6: See test circuit for current noise measurement. 

Note 7: The input offset drift performance is within the specifications un- 
nuiled or when nulled with Rp=8kQ to 20kQ. 

Note 8: The inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise. If differential input 
voltage exceeds 40.7, the input current should be limited to 25mA. 
Note 9: The V+ supply terminals are completely independent and may be 
powered by separate supplies if desired (this approach, however, would 
sacrifice the advantages of the power supply rejection ratio matching). The 
V7— supply terminals are both connected to the common substrate and 
must be tied to the same voltage. Both V~ pins should be used. 


se 
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MATCHING CHARACTERISTICS see notes on page 2-233. 


at Vg = + 15V, Ta=25°C, unless otherwise noted 


Input Offset Voltage Match 


Average Non-Inverting Bias 
Current 


Non-Inverting Offset Current 
Inverting Offset Current 
Common Mode Rejection Vom = + 11V 


Ratio Match 
Power Supply Rejection Vg= +4V to + 18V 


Ratio Match ; 
Channel Separation (Note 4) 


Gain Match fo = 100kHz (Note 4) 
R, = 2kQ, Vo= +10V 


Input Offset Voltage Match 
Input Offset Voltage Tracking 


Average Drift of Non- 
Inverting Bias Current 


Non-lnverting Offset Current 


Average Drift of Non- 
Inverting Offset Current 


Inverting Offset Current 
Common Mode Rejection Vom = + 10V ee a 


Ratio Match 
rere ef 


Power Supply Rejection 
Ratio Match 

OP-227E, OP-237E 
MIN TYP 


CONDITIONS 


MIN TYP MAX 


Input Offset Voltage Match 
Input Offset Voltage Tracking 


Average Non-Inverting Bias 
Current 


Average Drift of Non- 
Inverting Bias Current 


Non-Inverting Offset Current 


(Note 7) 


80 


+ 20 
130 


+20 nA 
Common Mode Rejection Vom= + 10V 120 dB 
Ratio Match 
APSRR_ | Power Supply Rejection Vg = +4.5V to + 18V 2 BV/V 


Ratio Match 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Voltage Noise vs Frequency 


RMS VOLTAGE NOISE DENSITY (nv/-VHz) 


1 
0.1 1.0 10 100 
FREQUENCY (Hz) 


1000 


Current Noise vs Frequency 


10.0 er 


RMS NOISE DENSITY (pA/VHz) 


FREQUENCY (Hz) 


Voltage Noise vs Temperature 


0.1Hz to 10Hz Noise 


VOLTAGE NOISE (20nV/DIV) 


0 2 4 6 8 10 
TIME (SECONDS) 


Total Noise vs Source 
Resistance 


| 
AT 10Hz [4 
i 


TOTAL NOISE DENSITY (nV/VHz) 


NOISE 
ONLY 


1, 10 100 
SOURCE RESISTANCE (k®) 


Voltage Noise vs Supply 
Voltage 


RMS VOLTAGE NOISE DENSITY (nV/~Hz) 


RMS VOLTAGE NOISE DENSITY (nv/-VHz) 


0 
-50 -25 0 2 50 75 «100 125 
TEMPERATURE (°C) 


Q +5 +10 


#15 
SUPPLY VOLTAGE (V) 


£200 +25 


VOLTAGE NOISE (20nV/ DIV) 


RMS VOLTAGE NOISE (nV) 


“04 1.0 10 
BANDWIDTH (kHz) 


0.01Hz to 1Hz Peak-to-Peak 
Noise 


40 60 
TIME (SECONDS) 


Wideband Voltage Noise 
(0.1Hz to Frequency Indicated) 


0.02Hz to 10Hz RMS Noise. 
Gain = 50,000 (Measured on 
HP3582 Spectrum Analyzer) 


MARKER AT 2Hz (=1/t CORNER) = 


179nVv/VHz ov 
50,000 oo Vai 


Fagus 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Voltage Gain vs Frequency 


Voltage Gain vs Supply Voltage 


25 
Ta=25°C 
Ry =2k0 
—— 


= 
iC 20 an 
g 3 [| 
= o 15 
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lon 
2 8 7c eel 
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oOo Q 
” = 
rr] 
Ss 5 
-20 0 
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Voltage Gain vs Load 


Resistance Voltage Gain vs Temperature 


& 
= as 
z & 
3 = 
3 z 
5 3 
i=] ia 
> oOo 
3 = 
8 3 
a > 
Fd 
So Vour= + 10V 
VouT= + 8V FOR Ta= 100°C. 
0 R, =6002 
~50 -25 0 2 50 75 100 125 
TEMPERATURE (°C) 
Offset Voltage Drift with 


Long Term Stability of Four 
Representative Units 


Temperature of Representative 


Units 
ad a 
ae 
|_ 


10 


= 
an 
i 


OFFSET VOLTAGE (nV) 
o 


AT TT TT TT 


OFFSET VOLTAGE CHANGE (nV) 
PAT ALE I 
LVI IN TIT IN 


cg 


PANEER 


TEMPERATURE (°C) 


INPUT VOLTAGE (x«V) RL=2k2 


CHANGE IN OFFSET VOLTAGE (xV) 


SUPPLY CURRENT (mA) 


Voltage Gain, Rp =2k and 6000 


I 
° are 


* 
INPUT VOLTAGE (zV) R, =6000 


-15 -10 10 15 


-5 0 5 
OUTPUT VOLTAGE (V) 
MEASURED ON TEXTRONIX 178 LINEAR IC TESTER 


Warm-Up Drift 


10 


oo 


a 


1\ 


1 
TIME AFTER POWER ON (MINUTES) 


Supply Current vs Supply 
Voltage 


#15 
SUPPLY VOLTAGE (V) 


0 #5 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Common Mode Rejection vs 
Frequency 


=25°C 

ene 18V 

H Vom= il 
N NN 


LN 
wu i 
TTI 


103 104 405 IS 107 
FREQUENCY (Hz) 


Input Bias Current vs 
Temperature 


INPUT BIAS CURRENT (nA) 


0 
-50 -25 0 2 50 75 100 125 150 
TEMPERATURE (°C) 


PSRR vs Frequency 


i) 
3 


A 


NEGATIVE 


Ne asl 
INS 


00 


POWER SUPPLY REJECTION RATIO (dB) 
eo 
o 


1 10 102 103 104 105 108 107 108 
FREQUENCY (Hz) 


Common Mode Limit vs 
Temperature 


Input Bias Current Over the 
Common Mode Range | 


> 2 = INPUT C 
sf rl og 
=a = 
Se Zz 
Se -4 a 
us c 
se 3 = l 
= 2 2 DEVICE WITH NEGATIVE 
Se+4 s INPUT CURRENT 
c 
25 +3 2 
on 2 
= 42 


-50 -25 0 2 50 75 100 125 -10 —-5 0 
TEMPERATURE (°C) COMMON MODE INPUT VOLTAGE (V) 
Input Offset Current vs Output Swing vs Load 
Temperature Resistance 


15 


el TEE 
LY 


Ta=25°C 


| Hil 
eae ih 


12 


0 


OUTPUT SWING (V) 


aul 


0 0 y 
—75 -50-25 0 2 S50 75 100 125 + 1k 3k 10k 
TEMPERATURE (°C) LOAD RESISTANCE () 


INPUT OFFSET CURRENT (nA) 
wo 
o 


Output Short Circuit Current vs 
Time 


Closed Loop Output Impedance 


2 

=s 

S$ =a 

S se) 

w BS 
Co w 
= c 
Fs = 
y S 
= 5 
oO 
5 = 
So 

5S o 

3 eZ 

ox 

sz 

a 


001 
10 100 1k 10k 
FREQUENCY (Hz) 


100k iM 2 3 
TIME FROM OUTPUT SHORT TO GROUND (MINUTES) 


LT WAR 


2-363 


OP-227/OP-237 


TYPICAL PERFORMANCE CHARACTERISTICS 


OP-237 Smail Signal Transient 
Response 


Avot = +5V, Vo= + 16V 
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OP-237 Gain, Phase Shift vs 
Frequency 
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OP-237 Large Signal Response 
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APPLICATIONS INFORMATION 


Noise Testing 


The 0.1Hz to 10Hz peak-to-peak noise of the OP-227/ 
OP-237 is measured in the test circuit shown. The fre- 
quency response of this noise tester indicates that the 
0.1Hz corner is defined by only one zero. The test time to 
measure 0.1Hz to 10Hz noise should not exceed 10 sec- 
onds, as this time limit acts as an additional zero to 
eliminate noise contributions from the frequency band 
below 0.1Hz. 


Measuring the typical 60nV peak-to-peak noise per- 
formance of the OP-227/0P-237 requires special test 
precautions: 


(a) The device should be warmed up for at least five 
minutes. As the op amp warms up, its offset voltage 
changes typically 3,V due to its chip temperature in- 
creasing 10°C to 20°C from the moment the power 
supplies are turned on. In the 10 second measure- 
ment interval these temperature-induced effects can 
easily exceed tens of nanovolts. 


(b) For similar reasons, the device must be well shielded 
from air currents to eliminate the possibility of 
thermoelectric effects in excess of a few nanovolts, 
which would invalidate the measurements. 


(c) Sudden motion in the vicinity of the device can also 
‘feed through’ to increase the observed noise. 


0.1Hz to 10Hz Noise Test Circuit 


0.1uF 


VOLTAGE GAIN 
000 


“DEVICE UNDER TEST 
NOTE: ALL CAPACITOR VALUES ARE FOR 
NON-POLARIZED CAPACITORS ONLY. = 


OP-227/OP-237 


A noise-voltage density test is recommended when 
measuring noise ona large number of units. A 10Hz noise 
voltage density measurement will correlate well with a 
0.1Hz to 10Hz peak-to-peak noise reading since both re- 
sults are determined by the white noise and the location of 
the 1/f corner frequency. 


Current noise is measured in the circuit shown and calcu- 
lated by the following formula: 
ip 1820 — (1300)? 

1MQ x 100 


The OP-227/0P-237 achieves its low noise, in part, by 
operating the input stage at 120pA versus the typical 
10zA of most other op amps. Voltage noise is inversely 
proportional, while current noise is directly proportional to 
the square root of the stage current. Therefore, the OP-227/ 
OP-237 current noise will be relatively high. At low frequen- 
cies, the low 1/f current noise corner frequency ( ~ 120HZ) 
minimizes current noise to some extent. 


0.1Hz to 10Hz p-p Noise 
Tester Frequency Response 
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APPLICATIONS INFORMATION 


In most practical applications, however, current noise 
will not limit system performance. This is illustrated in the 
total noise versus source resistance plot, where total 
noise =[(voltage noise)* +(current noise x Rs)* + 
(resistor noise)2]” . 


Three regions can be identified as a function of source 
resistance: 


(i) Rg <4000-Voltage noise dominates 


(ii) 4002<Rs <s50kQat1kHz Resistor noise 
4002 <Rs <8kQ at 10HZ2 dominates 


(iii) Rs >50kQat1kHz Current noise 
Rs >8kQ at 10HZ dominates 


Clearly the OP-227 /OP-237 should not be used in region 
(ili), where total system noise is at least six times higher 
than the voltage noise of the op amp, i.e., the low valtage 
noise specification is completely wasted. 


APPLICATIONS INFORMATION 
OP AMP MATCHING 
Advantages of Matched Dual Op Amps 


In many applications the performance of a system de- 
pends on the matching: between two operational ampli- 
fiers rather than the individual characteristics of the two 
op amps. Two or three op amp instrumentation amplifiers, 
tracking voltage references and low drift active filters are 
some of the circuits requiring matching between two op 
amps. 


The well-known triple op amp configuration. illustrates 
these concepts. Output offset is a function of the dif- 
ference between the offsets of the two halves of the 
OP-227/OP-237. This error cancellation principle holds 
for a considerable number of input referred parameters in 
addition to offset voltage and its drift with temperature. 
Input bias current will be the average of the two non- 
inverting input currents (Ig*). The difference between 
these two currents (lost ) is the offset current of the in- 
strumentation amplifier. The difference between the in- 
verting input currents (los~ ) will cause errors flowing 
through R1, R2, and R3. Common mode and power sup- 
ply rejections will be dependent only on the match be- 
tween the two amplifiers (assuming perfect resistor 
matching). 


The concepts of common mode and power supply rejec- 
tion ratio match (ACMRR and APSRR) are best demon- 
Strated with a numerical example: 


Assume CMRRa = + 1.0nV/V or 120dB, 

and CMRRg = +0.75zV/V or 122.5dB, 

then ACMRR =0.25pV/V or 132dB; 

if CMRRg = —0.75pV/V which is still 122.5dB, 
then ACMRR =1.75pV/V or 1150B. 


Clearly, the OP-227/0P-237, by specifying and guaran- 
teeing all of these matching parameters, can significantly 
improve the performance of matching dependent circuits. 


Three Op Amp Instrumentation Amplifier 


INPUTS 


Trim R8 for gain 
Trim R9 for DC common mode rejection 
Trim R10 for AC common mode rejection 


Typical performance of the instrumentation amplifier: 


Input offset voltage = 60nV 

Input bias current= + 15nA 

Input offset current= + 20nA 

Input noise =0.08nVp-p 

Power bandwidth (Vo = + 10V) =250kHz 
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Two Op Amp Instrumentation Amplifier Dual Limit Microvolt Comparator 
RS R4 
2eoat 10k 
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SCHEMATIC DIAGRAM 


2 (9) 1(8) 
NULL NULL 


NON-INVERTING L_} 13 (6) 
INPUT (+) OUTPUT 


319 [J 045 
INVERTING 
INPUT (—) 


Ci =120pF FOR OP227 


Ct = 15pF FOR 0P237 |_| 12 (5) 
PACKAGE DESCRIPTION Dimensions in inches (millimeters) untess otherwise noted. 
14-Lead Cavity DIP (J) 
0.160 0.200 0.310 0.785 
(4.064) (5.080) 
0.290 = 0.320 MAX MAX 
(7.366 — 8.128} 
0.020—0.070 
F Lass _ Fa 81778) 08, 
i" TOODAOoOW + ow 


ae 


i 


0,008 - 0.012 0.100 0.060 «0.005 
(0.203 0.304) 540} (152620.127) 
MAX BOTH ENDS 
0,385 0.025 0.100 + 0.010 0.018 0.002 
(9.779 + 0.635) (2.540 20.254) (0.457 20.050) 


OP-227EJ OP-237EJ 
OP-227GJ OP-237GJ 


OP-227AJ OP-237AJ 


OP-227CJ OP-237CJ 


0.300 ~0.320 
(7.620 —8, 128) 
0.280 


(7.112) 
MIN 


7° TYP (2 PLS} 0.70 
0,040 Aas 0.990 __ i (19.558) 
0.020 | 2.065, (2286) MAK 
0.425 (0.508) t (1.651) NOM 


(3.175) MIN 0.130 + 0.005 t 
0.250 + 0.005 
(6 350 +0.127) 

86° 94° | 


MIN { (3-302 £ 0.127) 
a 
t TYP 3° (2 PLS) 


0.009—0.015 0.075 + 0.015 ||. .2.018 0.003 0.035 
(0.228 -0.381) 12.9050.381) (0-457 0.076) (0-883) 
+0.025 mp 
0.325 * oie 0.100+0.010 NE 
Gas 1089 (2.540-40.254) 


OP-227EN OP-237EN | TyMAX | Qua 
OP-227GN OP-2376N | 195°¢ | 100°C/W 
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INOLOGY 
MILITARY 
— 55°C to + 126°C 
VOLTAGE MAXIMUM 
VOLTAGE TOLERANCE OPERATING DYNAMIC 
Vz MAXIMUM TEMPERATURE DRIFT, CURRENT RANGE IMPEDANCE 
(VOLTS) Ty = 25°C DEVICE ppmi°C OR mV CHANGE (OR SUPPLY CURRENT) (Q) MAJOR FEATURE 
4.236 +0.32% LT1004M-1.2 20ppm (typ) 10,A to 20mA 1.5 Micropower 
+1% LM185-1.2 20ppm (typ) 10yA to 20mA 15 Micropower 
21% LT1034BM-1.2 20ppm (max) 20pA to 20mA 15 Low TC Micropower with 
7V Aux. Reference 
+1% LT1034M-1.2 40ppm (max) 20pA to 20mA 15 Low TC Micropower with 
7V Aux. Reference 
25 £05% LT1004M-2.5 20ppm (typ) 20nA to 20mA t Micropower 
+0.2% LT1009M 18mV {max) 400A to 10mA 1.0 Precision 
+0.2% LT1019M-2.5 25ppm (max) 1.2mA NIA Precision Bandgap 
+2% LM136-2.5 18mV (max) 400,A to 10mA 1.0 Generai Purpose 
+1% LM136A-2.5 18mV (max) 400, to 10mA 1.0 General Purpose 
+1.5% LM185-2.5 20ppm (typ) 20pA to 20mA 15 Micropower 
+1% LT580S 55ppm (max) 4.5mA NIA 3 Terminal Low Drift 
+0.4% LT580T 25ppm {max) 1.5mA NIA rial Low Drift 
+04% LTS80U 10ppm (max) 1.5mA NIA | Low Drift 
) 45 +0.2% LT1019M-4.5 25ppm(max) 1.2mA cision Bandgap 
5.0 +0.2% LT1019M-5 25ppm (max) 4.2mA Precision Bandgap 
£1% LT1021BM-5 5ppm (max) 1.2mA re) } y Drift 
+0.05% LT10210M-5 20ppm (max) iG 5 Inital Tolerance 
+1% LT1021DM-5 20ppm (max) \ a at st, High Performance 
+0.2% LT1029AM 20ppm (max) to 10mA oN Precision Bandgap 
+1% LT1029M ee (max) \" TOA to1 re 7 Precision Bandgap 
£0.3% REFO2A 8.5pp \=) 1.41 t. NIA Precision Bandgap 
+05% REF02 Sp Pp NIA Precision Bandgap 
69 £3% LM129A ppm (Max) to 15mA 0.8 (typ) Low Drift 
23% 600,A to 15mA 0.8 (typ) Low Drift 
600zA to 15mA 0.8 (typ} Low Cost 
to +85°C 500,A to 10mA 1.0 Ultra Low Drift 
ax) + 85°C to + 125°C 
ppm (max) - 55°C to + 85°C 500,A to 10mA 1.0 Ultra Low Drift 
45ppm (max) + 85°C to + 125°C i 
{11021BM-7 5ppm (max) 1.0mA 0.2 Low Drift/Noise, Exc. 
Stability 
+0.7% LT1021DM-7 20ppm (max) 1.0mA 0.2 Low Cost, High Performance 
10.0 +0.2% LT1019M-10 25ppm (max) 1.2mA NIA Precision Bandgap 
+0.5% LT1021BM-10 5ppm (max) 1.7mA 0.25 Very Low Drift 
+0,05% LT1021CM-10 20ppm (max) 1.7mA 0.25 Very Tight Initial Tolerance 
+0.5% LT1021DM-10 20ppm (max) 1.7mA 0.25 Low Cost, High Performance 
+0.05% LT1031BM 5ppm (max) 1.7MA 0.25 Very Low Drift 
+0.1% LT1031CM 15ppm (max) 4.7mA 0.25 Very Tight Initial Tolerance 
+0.2% LT1031DM 25ppm (max) 1.7mA 0.25 Low Cost, High Performance 
40.3% LT581J 30ppm (max) 1.0mA NIA 3 Terminal Low Drift 
+0.1% LT581T 15ppm (max) 1.0mA NIA 3 Terminal Low Drift 
+0.05% LH0070-2 6.7ppm (max) 5.0mA 0.6 Low Drift 
+£0.1% LH0070-1 17ppm (max) 5.0mA 0.6 Good Initial Tolerance 
+0.1% LH0070-0 33ppm (max) 5.0mA 0.6 Low Cost, High Performance 
+0.3% REFO1A 8.5ppm (max) 1.4mA Precision Bandgap 
+0.5% REFO1 25ppm (max) 1.4mA Precision Bandgap 
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COMMERCIAL 
0°C to +70°C 
VOLTAGE MAXIMUM 
VOLTAGE TOLERANCE OPERATING DYNAMIC 
Vz MAXIMUM TEMPERATURE DRIFT, CURRENT RANGE IMPEDANCE 
(VOLTS) Ty = 25°C DEVICE ppmi°C OR mV CHANGE {OR SUPPLY CURRENT) Q) MAJOR FEATURE 
1.236 +0.32% LT1004C-1.2 20ppm (typ) 10yA to 20mA 1.5 Micropower 
£0.32% LT1004CS8-1.2 20ppm {typ) 10:4 to 20MA 15 Micropower 
+1% LT1034BC-1.2 20ppm (max) 20zA to 20mA 15 Low TC Micropower with 
7V Aux. Reference 
+1% LT1034C-1.2 40ppm (max) 20nA to 20mA 15 Low TC Micropower with 
7V Aux. Reference 
+2% LM3865-1.2 20ppm (typ) 15pA to 20mMA 15 Micropower 
+1% | LM385B-1.2 20ppm (typ) 15nA to 20mA 15 Micropower 
25 £0.5% LT10066-25 |  20ppmityp) 20uA to 20mA 15 I Micropower 
+0.8% LT1004CS8-2.5 20ppm (typ) 20xA to 30mA 15 Micropower 
0.2% LT1009C 6mv (max) 4QQuA to 10mA 14 Precision 
£25% LT1009S8 25ppm (max) 400,A to 20mA 0.6 Precision 
£0.2% LT1019C-2.5 20ppm (max) 1.2mA NIA Precision Bandgap 
+4 LM336-2.5 6mV (max) 40024 to 10mA 14 General Purpose 
+2% LM336B-2.5 6mvV (max) 400A to 10mMA 14 ral Purpose 
+3% LM385-2.5 20ppm (typ) 204A to 20mA 15 6 Yo 
+15% LM385B-2.5 20ppm (typ) 20pA to 20MA ee ‘opower 
+3% LT580J 85 (max) 1.5mA € 3 Terminal Low Drift 
+1% LT580K 40 (max) 3 Tegninal Low Drift 
+04% LTS80L 25 (max) inal Low Drift 
[__ £0.4% | LT580M 10 (max) rimnal Low Drift 
LT1019C-4.5 20ppm(max) Precision Bandgap 
5.0 +0.2% LT1019C-5 Precision Bandgap 
+1% LT1021BC-5 : Very Low Drift 
40.05% LT1021CC: ie f 5 Very Tight Inital Tolerance 
+1% LT1 fe) : Low Cost, High Performance 
+1% 102 THS8 1.2mA ; Low Cost, High Performance 
+ € 029AC 700pA to 10mA 08 Precision Bandgap 
© LT1029C ) 700gA to 10MA 0.6 Precision Bandgap 
eG REFO. Vv .5ppm (max) 1.4mA NIA Precision Bandgap 
+05% Ri 25ppm (max) 1.4mA NIA Precision Bandgap 
+1% REI 65ppm (max) 1,6mA NIA Precision Bandgap 
EFO2D 250ppm (max) 2.0mA N/A Bandgap 
69 mm LM329A y 10ppm (max) 600uA to 15mA 1.0 (typ) Low Drift 
+5% LM329B 20ppm (max) 600A to 15mA 1.0 (typ) Low Drift 
+5% LM329C 50ppm (max) 600uA to 15mA 1.0 (typ) General Purpose 
+5% LM329D 100ppm (max) 600uA to 15mA 1,0 (typ) General Purpose 
+4% LTZ1000 O.AppmicC 4mA 20.0 Ultra Low Drift, 
L iL Al 2ppm Long Term Stability* 
6.95 +5% LM399 2ppm (max) 500nA to 10mA 16 Ultra Low Drift 
+5% LM399A 1ppm (max) 500A to 10mA 1.5 Ultra Low Drift 
70 +07% | Lroape7 | Sppm (max) 1.0mA 02 Low DriftiNoise, Exc. 
Stability 
+0.7% LT1021DC-7 20ppm (max) 1,0mA 0.2 Low Cost, High Performance 
10.0 | +02% LT1019C-10 20ppm (max) 1.2mA NIA Precision Bandgap 
40.5% LT1021BC-10 5ppm (max) 1.7mA 0.25 Very Low Drift 
+0,05% LT1021CC-10 20ppm (max) LIMA 0.25 Very Tight initial Tolerance 
+05% LT1021DC-10 20ppm (max) 4.7mA 0.25 Low Cost, High Performance 
+05% LT1031BC 5ppm (max) 1.7mA 0.25 Very Low Drift 
+0.1% LT1031CC 15ppm {max} 1ImMA 0.25 Very Tight Initial Tolerance 
£0.2% LT1031DC 25ppm (max) 1.7mA 0.25 Low Cost, High Performance 
+0.3% LT581J 30ppm (max) 1.0mA NIA 3 Terminal Low Drift 
£0.1% LT581K 15ppm (max) 1.0mA NIA 3 Terminal Low Drift 
+0.3% REFO1E 8.5ppm (max) 1.4mA NIA Precision Bandgap 
+0.5% REFO1H 25ppm (max) 1.4mA NIA Precision Bandgap 
21% REFOiC 65ppm (max) 1.6mA NIA Precision Bandgap 


LL 


*LTZ1000 requires external control and biasing circuits. 
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LTS80 fics - FEATURES - - MINI DESCRIPTION - 
INPUT m 25V Output Alternate source for industry 
w Direct Replacement for standard 2.5V 3 terminal 
Analog Devices reference. 
ourET w Selected Parts with 
10ppmi°C TC 
GROUND a Low Quiescent Current 
BOTTOM VIEW 
LTS81 - FEATURES - - MINI DESCRIPTION - 
ha m 10V Output Alternate source for industry 
m Direct Replacement for standard 10V 3-terminal 
Analog Devices reference. 
OUTPUT m_ Low Quiescent Current S 
GROUND ent 
BOTTOM VIEW at 
LM129/329 es co 


ace zener reference with 
Ou; operating current range 
from 600yA to 15mA. Similar to 


ne et 


m Wide Operating Current 


9 pat , 20, 50 and LM199/399 without stabilizing 

ED ppm/°C heater on the die. 

Vv 1S m Wide Operating Current 

RE Range 

Meee e 9 oF - FEATURES - - MINI DESCRIPTION - 
mw Ultra Low Drift Anon board stabilizing heater 
m Very Low Noise keeps the die at constant 

BLOCK DIAGRAM 


temperature. Reference is a low 


BOTTOM VIEW 


Range noise subsurface zener. Excel- 
w Provided with Thermal lent long term stability. 
Shield 
6.954 w Excellent Long Term 
* Stability 
TOP view m LowHysteresis 
w Guaranteed Long Term 
Stability Available 
ns ake - FEATURES - - MIN! DESCRIPTION - 
w Micropower Bandgap reference with oper- 
an Cig 10-46 m 1.235V and 2.5V Available ating current range as low as 
ead ee m_ Low Dynamic Impedance 10A. Low noise and good long 
NC ERY: NC m_ Wide Operating Current term stability. 
7 aR: 5 NC (00 NOT Range 
use) w Very Tight Tolerance 


LT WE 


VOLTAGE REFERENCE SELECTION GUIDE 


Mr a ~ FEATURES - ~ MINI DESCRIPTION - 
m No Adjustment Needed on General purpose reference 
LT1009 using bandgap circuit. Low cost, 
Lig) 92 we SMALL OUTLINE w Temperature Coetficient or medium performance. 
w HE of Voltage Easily Adjusted on 
‘ LM136 
4 saospw il Wide Operating Current 
Range 
BOTTOM VIEW m Low Cost 
w 25V 
w Very Tight Tolerance 
LT1019 ~ FEATURES - seu. SCRIPTION - 


Tos PLASTIC OP 2 ; 5V, 4.5V, 5V a o Sie co oi 
ee acy OF 
¢:6 Cc 0 v4 bt ‘ae 
gE evices pe REFO1, REFO2, 
cl] a of i Cr, and other popular 
yp. 


series type references. 

Tew? @) rm oR Tested 
er ; ptional Chip Heater Can 

eer wise? Be Used for Lower Drift 

0 NOT CONNECT gE @ Temperature Output 


L102) ~ FEATURES - ~ MiNi DESCRIPTION - 
PLASTIC DIP w Ultra Low Drift Trimmed voltage reference with 
@ Trimmed Output Voltage ultra low drift. Reference is a 
m Very Low Noise low noise subsurface zener. 
m Operates in Series or Shunt Available in 5V, 7V and 10V 
Mode versions, The 7V and 10V ver- 
m Replaces REFO1, REF02, sions can be used as 2-terminal 
LM368, MC1400 and MC1404 ~—s shunt regulators as well as 
with Improved Stability, series references. 
TOP WEW TOP VIEW Noise and Drift 


SMALL OUTLINE 


NCI BNC * 00 NOT CONNECT EXTERNAL CIRCUITRY TO THESE PINS 
Vw 2 7NC* "NO TRIM PINON LT 1021.7. DO NOT CONNECT 
: EXTERNAL CIRCUITRY TO PI 5 ONT 1021.7 
NC" 3 8 Vout 
GND 4 5 TRIM** 
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VOLTAGE REFERENCE SELECTION GUIDE 


OUTPUT 


GROUND 
BOTTOM VIEW 


111034 


ee) VIEW 


wm Operates in Series o 
7" ae 
with AD581 C & 


w 1.2V and 2.5 Versions 
w Guaranteed Drift of 
20ppm/°C and 40ppm/°C 


¥' . w 1.2V and 7V Reference 
mw 1.2V Reference Operates 
1.2/2 Aye 20nA to 20mA 
aie 1% Tolerance on 1.2V 
Reference 


m 7\ Reference Operates 
100A to 20mA 

w Compatible with the LM385 
and LT1004 


111029 ~ FEATURES - ~ MINI DESCRIPTION ~ 
mw 0.2% Output Tolerance Precision 3 terminal shunt 5V 
70-46 w 0,050 Shunt Impedance bandgap reference. Very low 
te Cid w 700xA to 10mA Operating drift and tight initial output 
Current tolerance. 
a Pin Compatible with 
LM136-5 
@ 20ppmi°C Max. Drift Output 
BOTTOM VIEW Voltage Trim does not Affect 
7 Drift 
w Can be Used as Positive or 
Negative Reference 
LT1031/LHOO70 - FEATURES - _ MINI DESCRIPTION - 
m@ 10V Output Very low tempco is achieved 
10-5 w Ultra Low Drift without chip he; 1031 
INPUT w Very Low Noise canre 1 
m Trimmed Output Voltage JONS, 


- MINI DESCRIPTION - 
The LT1034 is a bandgap 1.2V or 
2.5V reference with low operat: 
ing current and low temperature 
coefficient, combined with a 7V 
subsurface zener reference on 
the same chip. 


| REFOI/REFO2 


10-5 PLASTIC DIP 


GND 
TOP VIEW ‘TOP VIEW 


“DO NOT CONNECT EXTERNAL CIRCUITRY TO THESE PINS 
**REFO2 ONLY. 


- FEATURES - 

w Direct Replacement for PMI 
Devices 

w Low Drift 

@ High Line Rejection 

m_ Low Supply Current 

w Temperature Output on 
REFO2 


- MINI DESCRIPTION - 
Industry standard 5V and 10V 
bandgap voltage references. 


LT We 


NOTES 
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af LING 


FEATURES 


™ 1.2uVp-p Noise 

m 2uV Long Term Stability 
® Very Low Hysteresis 

@ 0.05ppm/°C Drift 

= Temperature Stabilized 


APPLICATIONS 


= Voltmeters 

@ Calibrators 

m Standard Cells 

m Scales 

= Low Noise RF Oscillators 


TYPICAL APPLICATION 


Low Noise Reference 


Vin2 10V 


(721000 


LTE 


LTZ1000/LTZIOOOA 
Ultra Precision Reference 


DESCRIPTION 


The LTZ1000 and LTZ1000A are ultra stable temperature 
controllable references. They are designed to provide 7V 
outputs with temperature drifts of 0.05ppmi°C, about 
1.2uVp-p of noise and long term stabilities of 2nV per 
month. 


Included on the chip is a subsurface zener reference, 
heater resistor for temperature stabilization, and a tem- 
perature sensing transistor. External circuitry is used to 
set operating currents and to temperature stabilize the 
reference. This allows maximum flexibility and best long 
term stability and noise. 


The LTZ1000 and LTZ1000A references can provide supe- 
rior performance to older references such as the LM199 at 
the expense of increased circuit complexity and thermal 
layout considerations. The LTZ1000 is packaged in a 
standard TO-99 package while the LTZ1000A utilizes a 
proprietary high thermal resistance die attach which 
eases thermally insulating the reference. 


Long Term Stability 


0 10 20 30 
DAYS 


LONG TERM STABILITY OF A TYPICAL DEVICE FROM TIME=0 
WITH NO PRECONDITIONING OR AGING 
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LTZ1000/LTZ1IO000A 
ABSOLUTE MAXIMUM RATINGS 


PACKAGE/ORDER INFORMATION 


Heater to Substrate... 0c eccccececeseeseee 35V OF 

Collector Emitter Breakdown Q1........ceecccceeeese 15V BOTTOM VIEW ORDER 

Collector Emitter Breakdown Q2............0.cecee-. 35V PART NUMBER 

Emitter Base Reverse BiaS..............c.eccccececees av | 

Operating Temperature Range ....... —55°C <Ta< 125°C 

Storage Temperature Range ......... - 65°C <Ta< 150°C 

Substrate Forward Bi i 

ubStrate Forward BiaS................ceceseseeenes 0.1V LTZ1000A 

PRECONDITIONING METAL CAN 

150°C Burn-ln | 

ELECTRICAL CHARACTERISTICS (ote) 

PARAMETER [_ CONDITIONS MIN TYP MAX UNITS 

Zener Voltage a 12=5mA, (Vz + VBEqy) Igy = 102A 7.0 72 75 Vv 

iz=1 mA, (Vz + VBEg)) lq = 100pA 6.9 7.15 7.45 Vv 

Zener Change with Current 1mA<I,<5mA 80 240 mV 

Zener Leakage Current Vz=5V 20 200 nA 

Zener Noise 17=5mA, 0.1Hz<f<10Hz 1.2 2 eVo-p 

tor = 100,A 

Heater Resistance 1 <100,A [200 300 420 T 0 

Heater Breakdown Voltage 35 ai V 

Transistor Q1 Breakdown 1 Ig= 10yA, LVCEO 15 20 = V 

Transistor Q2 Breakdown Io= 10pA, LVCEO 35 50 Vv 

Q1,Q2 Current Gain ar Ig = 100pA 80 200 450 iz 

Thermal Resistance T LTZ1000 = Time =5 Minutes | 80 °CW 
_| LTZ1000A Time =5 Minutes = 400 | °C 

Long Term Stability T=65°C 2 i Nhe 


Note 1: All testing is done at 25°C. Pulse testing is used for LTZ1000A to 
minimize temperature rise during testing. LTZ1000 and LTZ1000A devices 
are QA tested at - 56°C and 125°C. 
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LTZI000/LTZIOOOA 


PIN FUNCTIONS 

Pin 1: Heater positive. Must be more positive than Pin 4 Pin 5: Temperature compensating transistor collector. 
and less than 40V. Pin 6: Temperature sensing transistor base. If the base 
Pin 2: Heater negative. Must be more positive than Pin 4 emitter junction is Zenered (about 7V) the transistor will 
and less than 40V. suffer permanent beta degradation. 

Pin 3: Zener positive. Must be more positive than Pin 4. Pin7: Emitter of sensing and compensating transistors. 


Pin 4: Substrate and Zener negative. Must be more posi- Pin 8: Collector of sensing transistor. 
tive than pin 7. If Q1 is Zenered (about 7V) a permanent 
degradation in beta will result. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Zener Voltage vs Current Zener Voltage Noise Spectrum Zener Noise 
100 
w «0 HN 
= ies No caoee g 
y 
ge eo IN 
Bs 3 CE TMT TTT) =e 
5 4 2 MING UTE TIM) g 
=] ZENER WITH KELVIN iS iit \ | e 
& 30 |__| SENSED Q1 = & 
& 20 + Fa a 
: Co In 
: 0 0.5 10 1.5 2.0 25 3.0 35 4.0 45 5.0 0.1 1 10 100 0 10 20 30 : 50 60 
ZENER CURRENT (mA) FREQUENCY (Hz) TIME (SECONDS) : 
Die Temperature Rise vs Heater 
Power Die Temperature Rise vs Time Die Temperature Rise vs Time 


125 125 


DIE TEMPERATURE RISE (°C) 


wire 

A eh 
ee 

0 fll ACHEATER POWER =0. 


HEATER POWER (W) 


DIE TEMPERATURE RISE (°C) 


0 
25 35 45 55 65 75 85 95 105 115 125 0.1 1 10 100 1000 0.1 1 10 100 1000 
DIE TEMPERATURE ABOVE AMBIENT (°C} TIME (SECONDS) TIME (SECONDS) 
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LTZIOOO/LTZIOOOA 


LT Ss i 


APPLICATION HINTS 


LTZ1000 and LTZ1000A are capable of providing ultimate 
voltage reference performance. Temperature drifts of bet- 
ter than 0.03ppm/°C and long term stability on the order of 
1xV per month can be achieved. Noise of about 0.15ppm 
can also be obtained. This performance is at the expense 
of circuit complexity, since external influences can easily 
cause output voltage shifts of more than ippm. 


Thermocouple effects are one of the worst problems and 
can give apparent drifts of many ppm/°C as well as cause 
low frequency noise. The kovar input leads of the TO-5 
package form thermocouples when connected to copper 
PC boards. These thermocouples generate outputs of 
35yV/°C. It is mandatory to keep the zener and transistor 
leads at the same temperature, otherwise 1 to 5ppm shifts 
in the output voltage can easily be expected from these 
thermocouples. 


Air currents blowing across the leads can also cause 
small temperature variations, especially since the pack- 
age is heated. This will look like 1 to Sppm of low fre- 
quency noise occurring over a several minute period. For 
best results, the device should be located in an enclosed 
area and well shielded from air currents. 


Certainly, any temperature gradient externally generated, 
say from a power supply, should not appear across the 
critical circuitry. The leads to the transistor and zener 
should be connected to equal size PC traces to equalize 
the heat loss and maintain them at similar temperatures. 
The bottom portion of the PC board should be shielded 
against air currents as well. 


Resistors, as well as having resistance temperature coeffi- 
cients, can generate thermocouple effects. Some types of 
resistors can generate hundreds of microvolts of thermo- 
couple voltage. These thermocouple effects in the resistor 
can also interfere with the output voltage. Wire wound re- 
sistors usually have the lowest thermocouple voltage, 
while tin oxide type resistors have very high thermocouple 
voltage. Film resistors, especially Vishay precision film re- 
sistors, can have low thermocouple voltage. 


Ordinary breadboarding techniques are not good enough 
to give stable output voltage with the LTZ1000 family de- 
vices. For breadboarding, it is suggested that a small 
printed circuit board be made up using the reference, the 
amplifier, and wire wound resistors. Care must be taken to 
ensure that heater current does not flow through the same 
ground lead as the negative side of the reference (emitter 
of Q1). Current changes in the heater could add to or sub- 
tract from the reference voltage causing errors with tem- 
perature. Single point grounding using low resistance 
wiring is suggested. 


Setting Control Temperature 


The emitter-base voltage of the contro! transistor sets the 
Stabilization temperature for the LTZ1000. With the values 
given in the applications, temperature is normally 60°C. 
Production variations in emitter-base voltage will typically 
cause about + 10°C variation. Since the emitter-base volt- 
age changes about 2mV/°C and is very predictable, other 
temperatures are easily set. 


The lowest temperature consistent with the operating 
environment should be used. Higher temperatures ac- 
celerate aging and decrease long term stability. The 
LTZ1000A should be set about 10°C higher than the 
LTZ1000. This is because normal operating power dissipa- 
tion in the LTZ1000A causes a temperature rise of about 
10°C. Of course both types of devices should be insulated 
from ambient. Several minutes of warm-up is usual. 


For applications not requiring the extreme precision or the 
low noise of the LTZ1000, Linear Technology makes a 
broad line of voltage references. Devices like the LT1021 
can provide drifts as low as 2ppm/°C and devices such as 
the LM399A can provide drifts of 1ppm/°C. Only applica- 
tions requiring the very low noise or low drift with time of 
the LTZ1000 should use this device. Application help is 
available from Linear Technology. 
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TYPICAL APPLICATIONS 


Negative Voltage Reference 


ZENER + SENSE 


V+15V 


GND 


1N4148 


ZENER- FORCE Ea 


*PROVIDE TEMPERATURE COMPENSATION, DELETE FOR LTZ1000A. ZENER ~ SENSE 


APPROXIMATE CHANGE IN REFERENCE VOLTAGE FOR A 100ppm CHANGE IN V-210V 
RESISTOR VALUES: 
400ppm = AR(Q) AVz 
Ri 0.0122 ippm 
R2 72 0.3ppm 
R3 72 0.2ppm 
R4/R5 RATIO AR=0.01% Appm 


BOTH At AND A2 CONTRIBUTE LESS THAN 2uV OF OUTPUT ORIFT OVER A 50°C RANGE. 


Averaging Reference Voltages for Lower Noise and Better Stability Improving Supply Rejection 
Vin 15V Vin ak Vouri SUPPLY REJECTION 
0.01% 15V AT Vous = 20mV/V 
1.6k 509 


SUPPLY REJECTION AT 


300" OUT2 Voyt2=3mv/V 


150 


“RAT nic 


"Tey 
t 
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TYPICAL APPLICATIONS 


Adjusting Temperature Coefficient in Unstabilized Applications 


{MIN 
Vourt+ 


oy 
1N4148 


HEATER 


1N4148 


“PULSE HEATER ON AND OFF TO HEAT AND COOL THE 
REFERENCE. ADJUST R1 FOR MINIMUM VOLTAGE 
CHANGE THROUGH A TEMPERATURE CYCLE. 


7V Positive Reference Circuit 


ZENER + 
SENSE 


yt 
15V 


1N4148 
2N3904 


ZENER — 
SENSE 


GROUND 


1N4148 HEATER 
RETURN 
(TIED TO 
GROUND) 
“PROVIDES TC COMPENSATION, DELETE FOR LTZ1000A. 


APPROXIMATE CHANGE IN REFERENCE VOLTAGE FOR A 100ppm (0.01%) CHANGE IN 


RESISTOR VALUES: 
AR(Q) AV? 
Ri 0.0120 topm 
R2 72 0.3ppm 
R3 7 0.2ppm 
R4/RS5 RATIO AR=0.01% ‘ppm 


BOTH A1 AND A2 CONTRIBUTE LESS THAN 2uV OF OUTPUT DRIFT OVER A 50°C RANGE. 


344 Vague, 


LTZ1000/LTZIO00A 
BLOCK DIAGRAM 


*SUBSTRATE DIODES-DO NOT FORWARD BIAS 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


H8 Package a 
Metal Can 


0.335 —0.370 
(8.509 - 9.398) 
DIA 


0.305 — 0.335 
(7.747 —8.509) 
0.040 
(1.076) ; 
MAX (1.270) 0.165 — 0.185 
AX (4.191 4.699) 
v Y REFERENCE 
SARE pat | Bs GAUGE A PLANE 


A 7 Pune 0.500 ~0.750 
0.010 —0.045 (0 l ll eae 
(0.254—1.143) ja 

| [__ 9.016 -0.021 


(0.406 — 0.533) 
TYP 
amr 0.007 0.045, 
0.027 — 0.034 ost AN (0.686 7-143) 
(0.686 —0.864) 
0.200 -0.230 
(5.080 5.842) 
BSC 
0.110 —0.160 
(2.794 4.064) 
INSULATING 
STANDOFF 


NOTE: LEAD DIAMETER |S UNCONTROLLED BETWEEN 
THE REFERENCE PLANE AND SEATING PLANE. 
8168 


Bia 
L1Z1000 80°C 
LTZ1000A 400°CW 
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FEATURES 


Guaranteed +4mvV initial accuracy LT1004-1.2 
Guaranteed + 20mV accuracy LT1004-2.5 
Guaranteed 10uA operating current 
Guaranteed temperature performance 

Operates up to 20mA 

Very low dynamic impedance 


APPLICATIONS 


Portable meter references 
Portable test instruments 
Battery operated systems 
Current loop instrumentation 


LT1004 


LY WU 3&3 


Micropower Voltage 
References 


DESCRIPTION 


The LT1004 Micropower Voltage References are two 
terminal bandgap reference diodes designed to pro- 
vide high accuracy and excellent temperature charac- 
teristics at very low operating currents. Optimization 
of the key parameters in the design, processing and 
testing of the device results in accuracy specifications 
previously attainable only with selected units. Below 
is a distribution plot of reference voltage for a typical 
jot of LT1004-1.2. Virtually all of the units fall well 
within the prescribed limits of + 4mV. 


The LT1004 is a pin for pin replacement for the 
LM185/385 series of references with improved accu- 
racy specifications. More important, the LT1004 is an 
attractive device for use in systems where accuracy 
was previously obtained at the expense of power con- 
sumption and trimming. 


For a low drift micropower reference with guaranteed 
temperature coefficient, see the LT1034 data sheet. 


Micropower Cold Junction Compensation For Thermocouples 


3v 
LITHIUM “7 


{T 1004-1.2 


THERMOCOUPLE * QUIESCENT CURRENT = 154A 
Ne ae + YELLOW SPRINGS INST. CO. 
K Beak PART #44007 
T 300k COMPENSATES WITHIN 
s 2.1M + 1°C FROM 0°C TO 60°C 


Typical Distribution of 
Reference Voltage (LT1004-1.2) 


T T 
| 1200 PARTS! _| 
Ty = 25°C 
tet eti 


NUMBER OF PARTS 
8 
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LT 1004 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Reverse Breakdown Current............... 30mA 

Forward Current.....................00. 10mA 

Operating Temperature Range LT1004MH 
LT1004M 0. ee —55°C to 125°C LT1004CH 
LT 1004C anes ce etiriseteades 22 0°C to 70°C 

Storage Temperature Range 10.46 METAL CAN 
LT1004M ................... —65°C to 150°C BOTTOM VEW 
LT1004C ...........0.0000, —65°C to 150°C 

Lead Temperature (Soldering, 10 sec.)...... 300°C LT1004¢Z 


Z PACKAGE 
10-92 PLASTIC 


ELECTRICAL CHARACTERISTICS (See Note 1) 


LT1004-1,2 LT1004-2.5 
SYMBOL PARAMETER CONDITIONS MIN = =TYP ~—sMAX MIN =TYP) ~—soMAX UNITS 
Vz Reverse Breakdown Voltage ln = 100A 1.231 1.235 1.289 2.480 2.500 2.520 Vv 
LT1004M —55°C < Ta < 125°C |@] 1.220 1.230 1.245 2.460 2.500 2.535 v 
LT1004M/C 0°C < Ty < 70°C @| 1.225 1.235 1.245 2.470 2.500 2.530 v 
AV; Average Temperature Coefficient —{ lnin < I, < 20mA (Note 2) 20 20 ppm/°C 
3 Tem 
: =| 
Train Minimum Operating Current e 8 10 12 20 uA 
=r — + 7 

\; Reverse Breakdown Voltage lnin < Ip < 1MA 1 1 mV 
Ale Change with Current e 15 15 mV 
mA < |, < 20mA 10 10 mv 
e 20 20 mV 
tz Reverse Dynamic Impedance In = 100nA 0.2 0.6 0.2 0.6 Q 
e| 1.5 1.5 Q 

@ | Wide Band Noise (RMS) lig = 100,A “| 
10H2 < f < 10kHz 60 | 120 uv 

AVz Long Term Stability tp = 100A 

A Time L Ta = 25°C + 0.1°C l 20 20 ppm/kHr 


The @ denotes the specifications which apply over the full operating 
temperature range. 
Note 1: All specifications are for T, = 25°C unless otherwise noted. 


Note 2: Selected devices with guaranteed maximum temperature 
Coefficient are available upon request. 
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LT1004 
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TYPICAL PERFORMANCE CHARACTERISTICS 1.2 VOLT 


Reverse Characteristics Reverse Voltage Change Forward Characteristics 
100 16 mall TTT 
—58°C TO + 125°C Ta we + PATE 
Irle 
ai 42 -| sotetel 
= 
= = a 
= 10 3 aS 
= 8 = See aie | oOo 
2 = 
5 ra 8 
5 = a 
wy = Cc 
& | i=} Ay “4 = 
#1 E 3 
z 
5 
S 0 r H 4 
| ji! 
Pail a lit ee 
i a ; eee F | 
0 02 04 06 o8 10 12 14 0.01 1 10 100 0.01 0.1 A, 10 400 
REVERSE VOLTAGE (V) REVERSE CURRENT (mA) FORWARD CURRENT (mA) 
Temperature Drift Reverse Dynamic impedance Reverse Dynamic Impedance 
100 Tm T r 10k 
| | —55°C TO + 125°C Ta = 25°C 
mel | f= 25Hz 2 fill In = 100¢A 
| liad 1k 
\ | 
1 a 
=> | a 
é us 
w Oo 
o Zz 100 
z s 
a z 
o 2 
2 3 10 
FS = 
ra a 
1 
k 0.1 
-§5 -35 -15 +5 +25 +45 +65 +85 +105 +125 0.01 0.1 1 10 100 10 100 1k 10 100k 1M 
TEMPERATURE (°C) REVERSE CURRENT (mA) FREQUENCY (Hz) 
Noise Voltage Filtered Output Noise Response Time 
700 77] TH TW Eom 70 
| lip = 100nA Ip = 100 pA , 
iy = OC | 
600 Tas 28°6 60 nets 
ital Pe ' 
500 Tt 50 R 
g Wo Lill s - 
> 400 : Hil} > 40 = 
= i oOo 
= Hill = Ss 
B 300 — 4 +H B 30 Se 
S g = 
= = 
200 = 20 
100 }- b oa 10 
| 
0 Wt Ui | | 0 
10 100 1k 10k 100k 100 1k 10k 100k 
FREQUENCY (Hz) FREQUENCY (Hz) TIME (SEC? 
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LT 1004 
TYPICAL PERFORMANCE CHARACTERISTICS 2.5 VOLT 


Reverse Characteristics Forward Characteristics 


100 1.2 
Ta = 26°C 
3 10 = 08 ‘ | “ a heeds eet 
5 6 
Fe 1 S 0.4 ry ith hos ntfs sake 
0.1 i) L Pui LiL Lok il 
0 0.5 1.0 1.5 2.0 25 3.0 f a 
REVERSE VOLTAGE (V} FORWARD CURRENT (mA) 
Temperature Drift Reverse Dynamic Impedance Reverse Dynamic impedance 
1000 TM TIN TD face 
CH CITI Lk baie = aan T= 25°0 
2.515 \ 11] HT th 576 10 + t25°G l= 1004 
2.510 ill ili 
WS 2.505 -™ \ rin ani g 
3 2500 = & i | ull & 
8 s 10 Fa, t $ 
Pa 2.495 [ { H ° 
iw 2.490 x] 2 H ‘ z 
a 1 fi i aif thy fay 
2.485 i tid ! it 
2.480 laa |! i ear 
0.4 | 
—6§5-35-15 5 25 45 65 85 105 125 10 100 1k 10k 100k 1M 
TEMPERATURE (°C) FREQUENCY (Hz) 
Noise Voltage Response Time 
— 
z 3 
$s 8 s 
s 3 
g 2 
10 100 tk 10k 100k 
FREQUENCY (Hz) CUTOFF FREQUENCY (Hz) TIME (uSEC) 
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TYPICAL APPLICATIONS 


High Stability 5V Regulator Ground Referenced Current Source: 
LT338A + 15V 
2k* 
| 
4 Em 
lout 
—5V 1.235; 
5 lon = 
* MAY BE INCREASED 
FOR SMALL OUTPUT CURRENTS 
R 2v 
~ Tor + 10nA 


0-100°C Linear Output Thermometer 


NETWORK DETAIL 
YS! 44201 


+15V R; NETWORK 
YSI 44201 


T1004-1.2 


*0.1% 


LT Wie 3.21 


LT 1004 


TYPICAL APPLICATIONS 


Low Temperature Coefficient 
2 Terminal Current Source 


Rs Sk 
LT1004-1.2 
1.3V 
lout = t 
Variable Output Supply 


L7338A 
Vin Vour| 
ADJ 


Vour 


LT1004-1.2 


Ry < v at 


2.5V Reference 


5V 


50k 


2.500 


LT1004-2.5 


Constant Gain Amplifier 
Over Temperature 


OUTPUT 


2N3904 


200k (T1004-1.2 


Low Noise Reference 


Vy = 5V 
100zA | 
22n 
OUTPUT 
L71004-1.2 50uf 


Micropower Reference 
from 9V Battery 1.2V Reference from 1.5V Battery 
+9V +1.5V* 
510k 3k 
1.235V 1.235V 
111004-1.2 1171004-1.2 
* OUTPUT REGULATES 
DOWN TO 1.285V 
FOR Ipur = 0 
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LT1004 


BATTERY 
OUTPUT 


TYPICAL APPLICATIONS 


Lead Acid Low Battery Detector 


12V | 


T 


Micropower 5V Reference 


TRy 
1% 


Var =9V to 15V 
LO = BATTERY LOW 


133k 
1% 


Vour=5V 


3.01M 
+R,SETS TRIP POINT, 60.4k 
PER CELL FOR 1.8V/CELL 


(T1004-1.2 


= 1% 


V,, Generator for Eproms — No Trim Required 


100 pt 


600nS RC 
PER INTEL 
SPEC 


LT1004-1.2 


10k 
2N3904 


“Lim INPUT 


* 1% METAL FILM RESISTORS 
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SCHEMATIC DIAGRAM 


LT1004-1.2 
tf 
75k 
ga 
03 
) MH P 
05 
500k 
500 
+ +— 


LT1004-2.5 


75k 


03 


20 pF 
ol 


500k 


O13 


SOC 


600k 


500k 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


H Package, 2 Lead T0-46 Metal Can 


0.209--0,219 
(5.300 ~ 5.503) 
0.178 — 0.195 — 0.175 — 0.185 
(4.521 — 4.953) i (4.445 — 4.699) 
if 0.085: 0,105 
SEATING ___ ¥ (2.159-2.667) 
Pl 
LANE asa 200 
0) MN 
cums -f] QJ 
0.016 ~-0.019 0.030 
Toaoe—0.4a3) (0.762) 
0.100 
0.050 (2/540) 
(1.270) 
a 
a 0.045 ~ 0.055 
0036-0008 WS 0.028 - 0.048 on 
10.914 ~ 9.168) ee S\ oO OTT 1219) (1.143— 1.297) 
Tmax Ga Be 
180°C | 440°C/W | 80°C/W 


h*—4 DATS~0.185_ 
(4.445 — 4.699) 


Z Package, 3 Lead T0-92 Plastic 


0.090 
@ 286) 0.045 — 0,055 
R {1.143 ~ 1.397) 


0.135 — 0.145 _ 


13.429 3.683), 


10° NOM 


10° NOM 


LEAD DA 
018 ails 0.0145 —0.0155 
(0.457) (0.3683: -0.3937) 
TYP TYP 
BEFORE LEAD 
FINISH 
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LT1004CS8-1.2/ 
/ LIN AR LTIO04CS8-2.5 


TECHNOLOGY Micropower Voltage 
References 

FEATURES DESCRIPTION | 
= Guaranteed + 4mV initial accuracy LT1004-1.2 The T1004 Micropower Voltage References are two 
= Guaranteed + 20mV accuracy LT1004-2.5 terminal bandgap reference diodes designed to pro- 
= Guaranteed 10uA operating current vide high accuracy and excellent temperature charac- 
= Guaranteed temperature performance teristics at very low operating currents. Optimization 
# Operates up to 20mA of the key parameters in the design, processing and 
= Very low dynamic impedance testing of the device results in accuracy specifications 
previously attainable only with selected units. Below 
is a distribution plot of reference voltage for a typical 
APPLICATIONS lot of LT1004-1.2. Virtually all of the units fall well 

= Portable meter references within the prescribed limits of + 4mvV. 

= Portable test instruments The LT1004 is a pin for pin replacement for the 385 
= Battery operated systems: series of references with improved accuracy specifica- 
= Current loop instrumentation tions. More important, the LT1004 is an attractive 


device for use in systems where accuracy was 
previously obtained at the expense of power consump- 
tion and trimming. 


For a low drift micropower reference with guaranteed 
temperature coefficient, see the LT1034CS8 data sheet. 


Micropower Cold Junction Compensation For Thermocouples Typical Distribution of 
Reference Voltage (LT1004-1.2) 


fo 
oe ae et 1. [| _ 1200 Parts | 
j PO y= 25°C 
ated os | 4 
160 t t 
140 oo Aes 
> 120 4} 4 +4—4 
g 
= 100 +++ ees ae 
: Samee 
80 aan ened 
H 60 + 4 
40 
20 


THERMOCOUPLE * QUIESCENT CURRENT = 15uA x 8 2 2 iB e 
ie By + YELLOW SPRINGS INST. CO. SRHRS ARR EF g 
: ao pRT #44007 
K 299k 
T 300k COMPENSATES WITHIN 
$ 2.1M + 1°C FROM 0°C TO 60°C 
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LTI004CS8-2.5 


ABSOLUTE MAXIMUM RATINGS 


Reverse Breakdown Current............... 30mA 
Forward Current...................00005 10mA 
Operating Temperature Range........ 0°C to 70°C 
Storage Temperature Range...... —65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)...... 300°C 


PACKAGE/ORDER INFORMATION 


ORDER PART 
NUMBER 


LT1004CS8-1.2 


NC LT1004CS8-2.5 


NC 
(DO NOT USE) ————— 
P, 


TOP VIEW 


ae ART MARKING 
PLASTIC SO 
0412 (1.2V VERSION) 
0425 (2.5V VERSION) 
ELECTRICAL CHARACTERISTICS (see Note 1) 
LT1004-1.2 LT1004-2.5 
SYMBOL PARAMETER CONDITIONS N TYP MAX MIN TYP MAX UNITS 
Vz Reverse Breakdown Voltage T Ip = 100nA 1.231 1.235 1.239 2.480 2.500 2.520 Vv 
LT1004C O°C < Ty < 70°C je 1.225 1.235 1.245 2470 2500 2.530 Vv 
AVz Average Temperature Coefficient | Imin < Ip < 20mA 20 20 ppm/°C 
ATemp 

{nin Minimum Operating Current e 8 10 12 20 uA 
AVz Reverse Breakdown Voitage Imin < Ip < 1mA 1 1 mV 
Alg Change with Current e 15 15 mV 
1mA < Ip < 20mA 10 10 mV 
e 20 20 mV 
tz Reverse Dynamic Impedance Ip = 1002A 0.2 0.6 0.2 0.6 Q 
4 4 e \ 15 45 Q 

en Wide Band Noise (RMS) tp = 100A 
| 10Hz < f < 10kHz L | 60 420 uv 

AVz Long Term Stability In = 100nA 
A Time Ty = 25°C + 0.1°C 20 20 ppm/kHr 


The @ denotes the specifications which apply over the full operating 
temperature range. 


Note 1: All specifications are for T, = 25°C unless otherwise noted. 
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FEATURES 


= 0.2% Initial Tolerance Max 

= Guaranteed Temperature Stability 

= Maximum 0.60 Dynamic Impedance 

= Wide Operating Current Range 

® Directly Interchangeable with LM136 for Improved 
Performance 

= No Adjustments Needed for Minimum Temperature 
Coefficient 


APPLICATIONS 


™ Reference for 5V Systems 

= 8 Bit A/D and D/A Reference 

® Digital Voltmeters 

= Current Loop Measurement and Control Systems 
= Power Supply Monitor 


LT1009 Series 
2.5 Volt Reference 


DESCRIPTION 


The LT1009 is a precision trimmed 2.500 Volt shunt regu- 
lator diode featuring a maximum initial tolerance of only 
+ 5mV. The low dynamic impedance and wide operating 
current range enhances its versatility. The 0.2% refer- 
ence tolerance is achieved by on-chip trimming which not 
only minimizes the initial voltage tolerance but also mini- 
mizes the temperature drift. 


Even though no adjustments are needed with the LT1009, 
a third terminal allows the reference voltage to be ad- 
justed +5% to calibrate out system errors. In many 
applications, the LT1009 can be used as a pin-to-pin 
replacement of the LM136H-2.5 and the external trim 
network eliminated. 


For a lower drift 2.5V reference, see the LT1019 data 
sheet. 


2.5 Volt Reference 


5V-35V 


3.6k 


OUTPUT 


ioe wo 


“DOES NOT AFFECT 
TEMPERATURE COEFFICIENT. 
£5% TRIM RANGE 


Output Voltage 


REFERENCE VOLTAGE (V) 


~50 -25 0 2 50 75 100 125 
TEMPERATURE (°C) 


LT WieAe 
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1T1009 Series 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Reverse Current.......... 0.0.00 e ce aees 20mA 
Forward Current.............0ccee cease 10mA one ORDER PART NUMBER 
Operating Temperature Range 
LTIQ09M ... cece eee —55°C to 125°C 
LTI009C 2... cece eee 0°C to 70°C LT1009MH 
Storage Temperature Range WAGE LT1009CH 
LT1009M andC............. —65°C to 150°C 0-46 METAL CAN 
Lead Temperature (Soldering, 10 sec.)...... 300°C 


BOTTOM VIEW 


ADD + = 
LT1009CZ 


Z PACKAGE 
70-92 PLASTIC 


ELECTRICAL CHARACTERISTICS 


LT1009M (T1009C 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX a UNITS 
Vz Reverse Breakdown Voltage Ty= 25°C, Inp=1mA | | 2.495 2.500 2.508 | 2.495 2.500 cal v 
V7 Reverse Breakdown Change with | 400pA<!p<10mA 2.6 6 | 2.6 10 mV 
Al Current e 3 10 3 12 mV 
R i 4 + aca 

Reverse Dynamic Impedance Ip=1mA 0.2 0.6 0.2 1.0 2 
e 0.4 1 A 0.4 1.4 Q 
Temperature Stability Tn Tas Tax e| 15 184 mv 
ATemp | Average Temperature Coefficient | 0°C<T,= 70°C 15 25 ppm/°C 
— 55°C <T,s 125°C (Note 1) 25 35 ppm/°C 

Long Term Stability Ta= 25°C 40.1°C, Ip=1mA 


The © denotes the specitications which apply over full operating 

temperature range. 

Note 1: Average temperature coefficient is defined as the total voltage 
change divided by the specified temperature range. 
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T1009 Series 


TYPICAL PERFORMANCE CHARACTERISTICS 


Reverse Characteristics Forward Characteristics 


rr ee ee ee 


REVERSE CURRENT (A) 
FORWARD VOLTAGE (V) 


0 
0.001 0.01 0.1 1 10 
FORWARD CURRENT {mA} 


Dynamic Impedance Zener Noise Voltage 
100 = 

Tp= {mA S 

— 55°C sTj< 125°C 


DYNAMIC IMPEDANCE (0) 
J iti 
TT 
te 
NOISE (nV/VHz) 


1 fe 50 ae L— 
10 100 1k 10k 100k 10 100 1k 10k 100k 
FREQUENCY (Hz) FREQUENCY (Hz) 


Reverse Voltage Change 
T Te sel ot 


REVERSE VOLTAGE CHANGE (mV) 


16 20 
REVERSE CURRENT (mA) 


Response Time 


VOLTAGE SWING (V) 


SCHEMATIC DIAGRAM 
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LT1009 Series 


TYPICAL APPLICATIONS 


Wide Supply Range, Adjustable Reference 


+3.6VT0 +40V 


Low Temperature Coefficient Power Regulator 


LT317A 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


H Package 
Metal Can 


0.209 0.219 
{5.300 —5,503) 
0,178 — 0,195 


<P" (4.521 — 4.953) 

0,085 — 0,105 

SEATING __ (2.159 ~ 2.667) 
PLANE 0.800 


(12.700) 
MIN 


Tymax Op Oe 
wsoec | 440°G/W |] 80°C /W 


Z Package 
Plastic 
O.118— 0.185 5°NOM 
(4.445 — 4. 
( } oy 
0.175 0.185, 4 
(4.445 — 4.699) 
<i a 
0500, 0.090. wom 


| 
AL ae, pl lng 0.0145 0.0155 


0.045 — 0.055 On) (0.9688 —0:3997) 
(1.143 1.397) eee 
FINISH 
0.045 — 0.055. 
0.090 (1.143—1.397) 


i206) ——| 
iy (San) _4 
Li 235 
iw ad 0,135 0.145 Tynax 9ja 
40°NOM (3.02973.289) 1o0°c | 160°C/W 
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TECHNOLOGY 


FEATURES 


= 0.4% Initial Tolerance Max 

= Guaranteed Temperature Stability 

= Maximum 0.60 Dynamic Impedance 

« Wide Operating Current Range 

= Directly Interchangeable with LM336 for improved 
Performance 

= No Adjustments Needed for Minimum Temperature 
Coefficient 


APPLICATIONS 


= Reference for 5V Systems 

m 8 Bit A/D and D/A Reference 

= Digital Voltmeters 

= Current Loop Measurement and Control Systems 
® Power Supply Monitor 


2.5 Volt Reference 


DESCRIPTION 


The LT1009 is a precision trimmed 2.500 Volt shunt regu- 
lator diode featuring a maximum initial tolerance of only 
+ 10mV. The low dynamic impedance and wide operating 
current range enhances its versatility. The 0.4% refer- 
ence tolerance is achieved by on-chip trimming which not 
only minimizes the initial voltage tolerance but also mini- 
mizes the temperature drift. 


Even though no adjustments are needed with the LT1009, 
a third terminal allows the reference voltage to be ad- 
justed +5% to calibrate out system errors. In many 
applications, the LT1009 can be used as a pin-to-pin 
replacement of the LM336-2.5 and the external trim net- 
work eliminated. 


2.5 Volt Reference 


5V-35V 
3.6k 
OUTPUT 
uT1009 tas 
*DOES NOT AFFECT 
TEMPERATURE COEFFICIENT. 


+5% TRIM RANGE 


Output Voltage 


is 
Ky 


_, 
GUARANTEED MINIMUM 


REFERENCE VOLTAGE (V) 


-50 -25 0 2 50 75 100 125 
TEMPERATURE (°C) 


LT Wee 
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LTI009S8 


ABSOLUTE MAXIMUM RATINGS 


Reverse Current........0.. 00.0.0 cece aes 20mA 
Forward Current.................c ccc aes 10mA 
Operating Temperature Range ........ 0°C to 70°C 
Storage Temperature Range...... —65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)...... 300°C 


PACKAGE/ORDER INFORMATION 
~ | ORDER PART NUMBER 


TOP VIEW 


LT1009S8 


PART MARKING 


$8 PACKAGE 
PLASTIC SO 


ELECTRICAL CHARACTERISTICS 


LT1009S8 

SYMBOL PARAMETER CONDITIONS MIN TYP UNITS 
Vz Reverse Breakdown Voltage Ta 25°C, Ip= IMA 2.490 2500 2.510 | Vv 
AV, Reverse Breakdown Change with Current 400¢A <|I_ns10mA 26 10 mV 
Ala 
a Reverse Dynamic Impedance rT Ip= imA 

AV2 Temperature Stability Twins Tas Tax : mY 
ATemp Average Temperature Coefficient 0°C <Tys70°C (Note 1) 15 25 ppm/°c 

AVz Long Term Stability Ty 25°C + 0.1°C, Ip=1MA 20 ppm/kHr 
ATime L_| 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Average temperature coefficient is defined as the total voltage 
change divided by the specified temperature range. 
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FEATURES 


= Available at 2.5V, 4.5V, 5V, and 10V 

= Plug-In Replacement for Present References 
= Ultra Low Drift—3ppm/°C Typical 

= Curvature Corrected 

= Series or Shunt Operation 

sw Ultra High Line Rejection = Yappm/V 

= Low Output Impedance ~0.020 

@ Tight Initial Output Voltage <0.05% 

= Can be Heated for Drifts below 2ppm/°C 
= 100% Noise Tested 

= Temperature Output 


APPLICATIONS 


m A to D and D to A Converters 
= Precision Regulators 

® Constant Current Sources 

a V to F Converters 

® Bridge Excitation 


LT1019 
Precision Reference 


DESCRIPTION : 


The LT1019 is a third generation bandgap voltage refer- 
ence utilizing thin film technology and a greatly improved 
curvature correction technique. Wafer level trimming of 
both reference and output voltage combines to produce 
units with high yields to very low TC and tight initial 
tolerance of output voltage. 


The LT1019 can both sink and source up to 10mA and 
can be used in either the series or shunt mode. This 
allows the reference to be used for both positive and 
negative output voltages without external components. 
Minimum input-output voltage is less than 1V in the 
series mode, providing improved tolerance of low line 
conditions. 


The LT1019 is available in four voltages: 2.5V, 4.5V, 5V, 
and 10V. Itis a direct replacement for most bandgap ref- 
erences presently available including ADS580, ADS81, 
REF-01, REF-02, MC1400, MC 1404 and LM168. 


For ultra low drift applications (<2ppm/°C), the LT1019 
can be operated in a heated mode by driving an internal 
resistor with an external amplifier. Chip temperature can 
be externally set for minimum power consumption. 


For a 6.2V version of the LT1019, consult the factory. 


Ultralinear Strain Gauge* 


Sv 
3570* ‘kW 


2M" 
*REDUCES REFERENCE AND AMPLIFIER 


“ELIMINATES BRIDGE Ww 
LOADING AND INSTRUMENTATION 
AMPLIFIER. 


LOADING T0 =0. 


BY R2 AND R4 


IF RG=R3, BRIDGE IS NOT LOADED 


Output Voltage Drift: 
ee 
FULL TEMP RANGE ““BOX’’ 


| | 
UNcoMPENSATED 


8 


8 


GUTPUT VOLTAGE (NORMALIZED) (¥) 
° ny 


DRIFT CURVI 


50 -2 0 2% SO: 75 
TEMPERATURE (*C} 


TA1 Vg AND DRIFT ARE NOT CRITICAL. 


LT We 
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ABSOLUTE MAXIMUM RATINGS 


Input Voltage 6... 2. eee 40V 
Output Voltage (Note 1) 

LT1019-5, LT1019-10...........0.....00. 16V 

LT1019-2.5, LT1019-4.5 ...............00. 7V 
Output Short Circuit Duration (Note 1) 

VIN 2Q0V. 0 cee eee Indefinite 

Q2OVSVINSOBV eee 10sec 
Trim Pin Voltage 2.00... eee eee + 30V 
Temp Pin Voltage «0.0.0.6... eee eee 5V 
Heater Voltage 

(Continuous) ......... cece eee eee 18V 

(Intermittent—30 sec.) ..............0 00s 32V 


PACKAGE/ORDER INFORMATION 
_ 


ORDER PART 
NUMBER 


TLT1019AMH-10 LT1019AMH-4.5 
LT1019MH-10 = LT1019MH-4.5 
LT1019ACH-10 LT1019ACH-4.5 
LT1019CH-10 = LT1019CH-4.5 
LT1019AMH-5 = LT1019AMH-2.5 
LT1019MH-5 = LT1019MH-2.5 
LT1019ACH-5 —LT1019ACH-2.5 
a) LT(Q19CH-5 = LT1019CH-2.5 


TOP VIEW 


GND (CASE) 
METAL CAN H PACKAGE 


*INTERNALLY CONNECTED. DO NOT 
CONNECT EXTERNALLY, 


TOP VIEW 
at 
HEATER 
[6] output 
TRIM 


LT1019ACN8-10 LT1019ACN8-4.5 
LT1019CN8-10 LT1079CN8-4.5 
LT1019ACN8-5 LT1019ACNB8-2.5 
LT1019CN8-5 —LT1019CN8-2.5 


AVAILABLE 
IN SO PACKAGE 


ac] 
input [2] 
TEMP [3 
Genoa] 
PLASTIC Di? NB PACKAGE 


“INTERNALLY CONNECTED. DO NOT 
CONNECT EXTERNALLY. 


| 


ELECTRICAL CHARACTERISTICS Vin — Vout =5V, loyr=90, Ty =25°C unless otherwise noted 


LT1019A LT1019. 
SYMBOL |PARAMETER CONDITIONS UNITS 
MIN Tye MAX MIN TYP MAX 

Output Voltage Tolerance 0.002 0.05 0.02 0.2 % 
Te Output Voltage LT1019C (0°C to 70°C) 3 5 5 20 ppm/°c 
Temperature Coefficient |LT1019M (--55°C to + 125°C) 5 10 8 25 ppm/°C 

(Note 2) ta ele 
AVour {Line Regulation (Note 3) |(Voyr + 1.5V) <Vjy =40V 0.5 3 0.5 3 ppm/V 
Wn 1 5 | 1 5 ppm/V 
RR Ripple Rejection 50Hz =f = 400Hz 90 410 90 110 dB 
84 84 dB 
AVoyr |Load Regulation Series {0<|qyr<10mA* 0.02 0.05 0.02 0.05 | mV/mA (0) 
Alour Mode (Notes 3 and 4) 0.08 0.08 | mV/mA (Q) 
Load Regulation, Shunt 1mA<Isuyy7stOmMA —-2.5V, 4.5V, 5V 04 0.4 0.4 0.4 mV/mA (Q) 
Mode (Notes 4 and 5) 0.8 0.8 | mV/mA(Q) 
Thermal Regulation AP=200mW 0.1 0.5 0.1 0.5 ppm/mw 

(Note 6) t=50ms He, 

lq Quiescent Current 0.65 1 0.65 1.2 mA 
Series Mode 1.3 1.5 mA 
Minimum Shunt Current} (Note 7) e 0.5 0.8 0.5 0.8 mA 
Minimum Input-Output [[gyy << 1mA : 14 0.9 14 v 
Voltage Differential lour=10mA 1.3 1.3 Vv 
Trim Range LT1019-2.5 ~ |e +6 % 
LT1019-5 24 +5, ~13 % 
LT1019-10 _| +4 +5, —27 {| % 
Heater Resistance 500 300 400 500 2 
gg WN <Viy<35V 50 15 25 50 mA 
10 mA 
@n Output Voltage Noise | 10Hz <fs 1kHz | 25 4 2.5 4 a (Rms) 
(Note 9) 0.1Hz =f 10Hz _t 2.5 Disk ppm (p-p) 
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The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: These are high power conditions and are therefore guaranteed 
only at temperatures equal to or below 70°C. Input is either floating, tied 
to output, or held higher than output. 

Note 2: Output voltage drift is measured using the box method. Output 
voltage is recorded at Twin, 25°C, and Tyax. The lowest of these three 
readings is subtracted from the highest and the resultant difference is 
divided by (Twax —Tmin)- 

Note 3: Line regulation and load regulation are measured on a pulse 
basis with low duty cycle. Effects due to die heating must be taken into 
account separately. See thermal regulation and application section. 

Note 4: Load regulation is measured at a point % ” below the base of the 
package with Kelvin contacts. 

Note 5: Shunt regulation is measured with the input floating. This 
parameter is also guaranteed with the input connected (Viy—Vour) > 1V, 
OMA <\siyx S$ 10MA. Shunt and sink current flow into the output. 


Note 6: Thermal regulation is caused by die temperature gradients 
created by load current or input voltage changes. This effect must be 
added to normal line or load regulation. 

Note 7: Minimum shunt current is measured with shunt voltage held 
20mV below value measured at 1mA shunt current. 

Note 8: Minimum input-output voltage is measured by holding input 
voltage 0.5V above the nominal output voltage, while measuring 

Vin Vout: 

Note 9: RMS noise is measured with a single high pass filter at 10Hz 
and a 2-pole low pass filter at 1kHz. The resulting output is full wave 
rectified and then integrated for a fixed period, making the final reading 
an average as opposed to RMS. A correction factor of 1.1 is used to con- 
vert from average to RMS, and a second correction of 0.88 is used to 
correct for the non-ideal bandpass of the filters. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Quiescent Current (LT1019-2.5) 


Quiescent Current (LT1019-4.5, 5) 


Quiescent Current (LT1019-10) 


CURRENT (mA) 


CURRENT (mA) 
° 
Fons 


o 
a 


S 
_ 


° 
Pes 


0 0 0 
0 5 10 16 20 2 30 35 40 45 0 5 10 15 20 2 3 35 40 45 0 5 10 15 20 25 30 35 40 45 


INPUT VOLTAGE (V) 


Minimum Input-Output Voltage 
Differential 


INPUT VOLTAGE (V) 


Load Regulation 


INPUT VOLTAGE (V) 


Ripple Rejection 


10 1 420 
78 | = 
g z 7 
Pat o 
5 | 2 2 
zt 
5 50 = s 
= 
2 2 = 
= 5 
a 3 
2 25 
8 A ; 
0 0.2 04 06 08 10 12 14 16 18 —10-8 6-4-2 0 2 4 6 8 10 10 100. «=k ~#«1k ~=«100K.~=—sM 
INPUT-OUTPUT VOLTAGE (V) NKING SOURCING 
OUTPUT CURRENT (mA) FREQUENCY (2) 


Voss, 


LTI019 


TYPICAL PERFORMANCE CHARACTERISTICS 


Shunt Mode Characteristics 
(LT1019-2.5V) 


mal OPEN 


Shunt Mode Characteristics 
(LT1019-5) 


zu OPEN 


Shunt Mode Characteristics 
(LT1019-10) 


INPUT OPEN 
. 


| a con 


CURRENT (mA) 


0 
0 05 10 15 20 25 30 3.5 40 
OUTPUT TO GROUND VOLTAGE (V) 


Temp Pin Voltage 


off 2 3 4 5 6 7 8 
OUTPUT TO GROUND VOLTAGE (V) 


Line Regulation 


Ty= +128°C T 


T)= —55°C 


0 2 4 6 8 10 12 
QUTPUT TO GROUND VOLTAGE (V) 


LT1019-2.5* Stability with 
Output Capacitance 


14 16 


— 


f 
is 


+ 


1.0 a 


REGION OF POSSIBLE 
a4 INSTABILITY 


0.01 


OUTPUT VOLTAGE CHANGE (xV) 


OUTPUT CAPACITOR (pF) 


0.001 


100 125 0 5 10 


0.40 
~50 ~25 0 2 50 75 
JUNCTION TEMPERATURE (°C) 


20 2 30 35 «40 20.15 #410 5S O 5 10 15 20 
INPUT VOLTAGE (V) 


SOURCE CURRENT 
lour (mA) 
*LT1019-4.5, 5, 10 Are Stable With All 

Load Capacitance. 


SINK CURRENT 


APPLICATIONS INFORMATION 


Line and Load Regulation 


Line regulation on the LT1019 is nearly perfect. A 10V 
change in input voltage causes a typical output shift of 
less than 5ppm. Load regulation (sourcing current) is 
nearly as good. A 5mA change in load current shifts out- 
put voltage by only 100uV. These are electrical effects, 
measured with low duty cycle pulses to eliminate heating 
effects. in real world applications, the thermal effects of 
load and line changes must be considered. 


Two separate thermal effects are evident in monolithic cir- 
cuits. One is a gradient effect, where power dissipation 
on the die creates temperature gradients. These gradi- 
ents can cause output voltage shifts even if the overall 
temperature coefficient of the reference is zero. The 
LT1019, unlike previous references, specifies thermal 
tegulation caused by die temperature gradients. The 
specification is 0.5ppm/mwW. To calculate the effect on 
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APPLICATIONS INFORMATION 


output voltage, simply multiply the change in device 
power dissipation by the thermal regulation specification. 
Example: a 10V device with a nominal input voltage of 
15V and load current of 5mA. Find the effect of an input 
voltage change of 1V and a load current change of 2mA. 


AP (line change) = (AVin )(ILoap ) =(1V)(5mA) =5mW 
AVout = (0.5ppm/mW)(5mW) = 2.5ppm 
AP (load change) = (Al_oap (Vin —Vour) 
= (2mA)(5V) = 10mW 
AVout = (0.5ppm/mW){10mW) = 5ppm 


Even though these effects are small, they should be taken 
into account in critical applications, especially where in- 
put voltage or load current is high. 


The second thermal effect is overall die temperature 
change. The magnitude of this change is the product of 
change in power dissipation times the thermal resistance 
(Qua) of the IC package = (100°C /W-150°C/W). The 
effect on reference output is calculated by multiplying die 
temperature change by the temperature drift specification 
of the reference. Example: same conditions as above with 
Oa =150°C/W and an LT1019 with 20ppm/°C drift 
specification. 


AP (line change) =5mW 
AVout = (5mW)(150°C/W)(20ppm/°C) 
=15ppm 
AP (load change) = 10mW 
AVouT = (10mW)(150°C/W)(20ppm/°C) 
=30ppm 


These calculations show that thermally induced output 
voltage variations can easily exceed the electrical effects. 
In critical applications where shifts in power dissipation 
are expected, a small clip-on heat sink can significantly 
improve these effects by reducing overall die temperature 
change. Alternately, an LT1019A can be used with 4 
times lower TC. if warm-up drift is of concern, these 
measures wilf also help. With warm-up drift, tofaf device 


power dissipation must be considered. In the example 
given, warm-up drift (worst-case) is equal to: 


Warm-up drift ={(Vin )(Ia) +(Vin — Vout )(ILoAD }] 
[(@ua)(TC)] 
with Iq (quiescent current) =0.6mA, 
warm-up drift =[(15V)(0.6mA) + (5V)(5mA)] 
[(150°C/W)(25ppm/°C)] 
=127.5ppm 


Note that 74% of the warm-up drift is due to load current 
times input-output differential. This emphasizes the im- 
portance of keeping both these numbers low in critical 
applications. With heavy loads, warm-up drift can also be 
improved using the technique described under ‘Driving 
Loads Above 10mA’’, or by heat sinking. 


Note that line regulation is now affected by reference out- 
put impedance. R1 should have a wattage rating high 
enough to withstand full input voltage if output shorts 
must be tolerated. Even with foad currents below 10mA, 
R1 can be used to reduce power dissipation in the 
LT1019 for lower warm-up drift, etc. 


Output Trimming 


Output voltage trimming on the LT1019 is nominally ac- 
complished with a potentiometer connected from output 
to ground with the wiper tied to the trim pin. The LT1019 
was made compatible with existing references, so the 
trim range is large; +6%, —6% for the LT1019-2.5, 
+5%, —13% for the LT1019-5, and +5%, —27% for 
the LT1019-10. This large trim range makes precision 
trimming rather difficult. One solution is to insert resistors 
in series with both ends of the potentiometer. This has the 
disadvantage of potentially poor tracking between the 
fixed resistors and the potentiometer. A second method of 
reducing trim range is to insert a resistor in series with 
the wiper of the potentiometer. This works well only for 
very small trim range because of the mismatch in TCs 
between the series resistor and the internal thin film 
resistors. These film resistors can have a TC as high as 
500ppm/°C. That same TC is then transferred to the 
change in output voltage; a 1% shift in output voltage 
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causes a (500ppm) (1%) =5ppm/°C change in output 
voltage drift. The worst-case error in initial output voltage 
for the LT1019 is 0.2%, so a series resistor is satisfac- 
tory if the output is simply trimmed to nominal value. 
ippm/°C TC shift would be the maximum expected. 


Using the Temp Pin 


The LT1019 has a TEMP pin like several other bandgap ref- 
erences. The voltage on this pin is directly proportional to 
absolute temperature (PTAT) with a slope of =2.1mV/°C. 
Room temperature voltage is therefore ~(295°K) 
(2.1mV/°C)=620mV. Previous bandgap references have 
been very sensitive to any loading on the TEMP pin because 
It is an integral part of the reference ‘‘core’’ itself. The 
LT1019 “‘taps’’ the core at a special point which has much 
less effect on the reference. The relationship between TEMP 
pin loading and a change in reference output voltage is less 
than 0.05% /»A, about 10 times improvement over previ- 
ous references. 


The TEMP pin can be used to sense chip temperature in 
applications where the chip is forced to constant temper- 
ature (see ‘‘Heated Mode’’) or to sense ambient temper- 


Wide Range Trim= +5% 


Trimming LT1019-5 Output to 5.120V 


Vout 


41.2k 
1% 


Vin 


5k* 
+1% TRIM 


4.02k 
1% 


ature in applications where the temperature difference 
between chip and ambient is tolerable or can be cali- 
brated out. Typical chip temperature rise over ambient is 
=2°C with no output load and 15V input voltage, but it 
could be as high as 6°C with a 5mA load and 5V input- 
output differential. A Centigrade thermometer is shown in 
the application circuits. This particular configuration has 
the advantage of trimming ‘‘zero’’ and ‘‘slope’’ simul- 
taneously. The PTAT nature of the TEMP pin output has a 
known predictable relationship between initial zero error 
and slope. This circuit takes advantage of that relation- 
ship by trimming at @ point that corrects the zero and 
slope errors simultaneously. 


A simple over-temp circuit is also shown in the apptica- 
tion section using an LT1011 comparator. This circuit is 
intended to be an ambient sensor, so temperature rise in 
the reference must be considered when setting trip level. 
R2B is adjusted by connecting a DVM across the inputs of 
the comparator and setting the DVM to read 2.1mV for 
each degree above room temperature. A 70°C trip would 
require (2.1mV)(70°C —22°C)=10imV. R3 provides 
about 1°C hysteresis to prevent oscillations. 


Narrow Trim Range (+0.2%) 


*INCREASE TO 4.7MQ FOR LT1019A (40.05%) => 


Trimming LT1019-10 Output to 10.240V 


Vout 


90.9k 
1% 


Vin 


5k" 
+1% TRIM 


4,02k 
1% 


*LOWTCCERMET > 
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Precision 1A Current Source 


+15 


Vout 
+ 11V COMPLIANCE 


Vout = THA 
Zout= 10119 “LOW TC CERMET, TRIM RANGE = + 1.5% 


Output Current Boost with Current Limit 


Vt 
(Vout +2.8V) 
GLOWS IN 
CURRENT LIMIT 
(D0 NOT OMIT) 


Ri 


2200 ace 


LED 


2N2905 


ILoap << 100mA 


2uF SOLID TANTALUM 


BLOCK DIAGRAM 


—15V 


LT1019 


Negative 10V Reference for CMOS DAC 


*LOW TC CERMET, TRIM RANGE = 2 1.5% 


Negative Series Reference 


171019-2.5=11k, LT1019-4.5=13.9k 
(T1019-5=16k, LT1019-10 =37. 1k 


TRIM 

R2 

111019-4.5, 5, 10=5k 
(11019-2.5 = 10k 


LY WAR 


vt 


Vout 


GND 


—Vaer @ SOmA 
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SCHEMATIC DIAGRAM 
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PACKAGE DESCRIPTION 


H Package Metal Can N8 Package 8 Lead Plastic 


0.335-0.370 


0.400 
(10.160) 
MAX 
0,040 
(1.076) 
MAX Tz} 0.165—0.185 
} MAK (6.181 4.698) 0,250 40.010 
t REFERENCE 6 754) 
SEATING. jt _—__}— a PLANE (6.350 0.254) 
PLANE ~ Aan eee) 
0,010. 0.085 0 {\ Mt G27 19.95} 
3.010 0.045, Peg a 
(0.254—1.143} ra 
aot 9.300-0.320 9.130 0.005 
(3.02 40.427) 
u 0.0: 
\ (0.508) 
<< 0.027 ~0.045 MIN 
: 0.00 (Coa 1.143) 
0,009 -0.015 0.125 
0.230 {0.229 - 0.381) {3.175} 175) 
3.842) +0.025 in 
0.3% 0.015 0,045 0.015 | ™ 
fs 255 * 0-639) (114350.361) 
~0.381, 0.100 0.010 0,018 + 0.003 
NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN (254s 0.254) (0.487 0.076) 


‘THE REFERENCE PLANE AND SEATING PLANE. 
0.110-0,160 
(2734-7068) 
ANSULATING 
‘STANDOFF cord 

MOTE: DIMENSIONS IN INCHES 
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TECHNOLOGY 


FEATURES 


= Pin Compatible with Most Bandgap Reference 
Applications, Including Ref 01, Ref 02, LM368, 
MC1400, and MC1404, with Greatly Improved 
Stability, Noise, and Drift 

# Ultra Low Drift—2ppm/°C Max Slope 

@ Trimmed Output Voltage 

@ Operates in Series or Shunt Mode 

# Quiput Sinks and Sources in Series Mode 

= Very Low Noise < 1ppm p-p (0.1Hz to 10Hz) 

= >100dB Ripple Rejection 

= Minimum Input-Output Differential of 1V 

# 100% Noise Tested 


APPLICATIONS 


@ A to D and D to A Converters 
@ Precision Regulators 

® Digital Voltmeters 

m= Inertial Navigation Systems 
= Precision Scales 

= Portable Reference Standard 


Precision Reference 


DESCRIPTION 


The LT1021 is a precision reference with ultra low drift 
and noise, extremely good long term stability, and almost 
total immunity to input voltage variations. The’ reference 
output will both source and sink up to 10mA. Three volt- 
ages are available; 5V, 7V and 10V. The 7V and 10V units 
can be used as shunt regulators (two terminal zeners) 
with the same precision characteristics as the three ter- 
minal connection. Special care has been takén to mini- 
mize thermal regulation effects and temperature induced 
hysteresis. 


The LT1021 references are based on a buried zener diode 
structure which eliminates noise and stability problems 
associated with surface breakdown devices.. Further, a 
subsurface zener exhibits better temperature drift and 
time stability than even the best band-gap references. 


Unique circuit design makes the LT1021 the first IC refer- 
ence to offer ultra low drift without the use of high power 
on-chip heaters. 


The LT1021-7 uses no resistive divider to set output voit- 
age, and therefore exhibits the best long term stability and 
temperature hysteresis. The LT1021-5 and LT 1021-10 are 
intended for systems requiring a precise 5V or 10V refer- 
ence, with an initial tolerance as low as +:0.05%. 


Basic Positive and 
Negative Connections 


£11021 


Vin 


= Ri=Vours Vo) 
iLoap + 1.5m 


—15V 


Typical Distribution of 
Temperature Drift—LT1021 


2 DISTRIBUTION 
OF THREE RUNS 


UNITS (%) 
xs 


~§-4-3-2-10 1 2 3 4 § 
OUTPUT DRIFT (ppm/°C) 
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ABSOLUTE MAXIMUM RATINGS 


Input Voltage 6... eee 40V 
input-Output Voltage Differential .............. 35V 
Output to Ground Voltage (Shunt Mode Current Limit) 

LTO 2B a cccetd sagas 5 ek ie ohh Ses Aeneas bea coats 10V 

N02 12 osee as Soc ete ah aaah egreeeaee aeh 10V 

UTIO2 1A 10:2 sc sepia bo a Satria tec a ok on 16V 
Trim Pin to Ground Voltage 

PoSitiVe 6... eee eee ee Equal to Vout 

Negative... cece —20V 
Output Short Circuit Duration 

VINES SOV ck oe weak tee vittnc acl Mee Sides 10 sec 

VINS20V.... 000. e eee eee Indefinite 
Operating Temperature Range 

LT1021 Mil... 2... ee, — 55°C to 125°C 

LT1021Comm ................... 0°C to 70°C 
Storage Temperature Range 

AllDevices ..............000, —65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)........ 300°C 


PACKAGE/ORDER INFORMATION 


TOP VIEW 
NC* 


GND 
METAL CAN H PACKAGE 
"CONNECTED INTERNALLY. DO 


NOT CONNECT EXTERNAL CIRCUITRY 
TO THESE PINS. 


**NO TRIM PIN ON L71021-7. OO NOT 


CONNECT EXTERNAL CIRCUITRY TO 
PIN § ON LT1021-7. 


TOP VIEW 


Nct 
Vw 
nc* £3] 
GND 


PLASTIC DIP N8 PACKAGE 


“CONNECTED INTERNALLY. DO 


NOT CONNECT EXTERNAL CIRCUITRY 
TO THESE PINS. 


**NO TRIM PIN ON LT1021-7. DO NOT 


CONNECT EXTERNAL CIRCUITRY TO 
PIN SON LT 1021-7. 


ORDER PART NUMBER “1 


LT1021BMH-5 
LT1021CMH-5 
LT1021DMH-5 
LT1021BCH-5 
LT1021CCH-5 
LT1021DCH-5 


LT1021AMH-10 
L11021BMH-10 
LT1021CMH-10 
LT1021DMH-10 
LT1021ACH-10 
L11021BCH-10 
LT1021CCH-10 
LT1021DCH-10 


LT1021AMH-7 


LT1021BMH-7 
LT10210MH-7 
LT1021ACH-7 
LT1021BCH-7 
LT1021DCH-7 


LT1021BCN8-5 
LT1021CCN8-5 
LT1021DCN8-5 


LT1021BCN8-7 
LT1021DCN8-7 


LT1021BCN8-10 
LT1021CCN8-10 
LT1021DCN8-10 


ELECTRICAL CHARACTERISTICS 111021-5 


Vin = 10V, lout =0, Ta= 25°C, Mil or Comm version, unless otherwise noted 


CONDITIONS Es UNITS 
Suse MIN TYP MAX L 
Output Voltage (Note 1) T ert0210-5 4.9975 5.000 5.0025 v 
LT1021B-5, D-5 4.95 5.00 5.05 | V 
Output Voltage Temperature Twins tus Tmax . 
Coefficient (Note 2) LT1021B-5 2 5 ppm/ e 
LT10210-5, D-5 3 20 ppm/°C 
Line Regulation (Note 3 7.2V < Vy <10V 4 12 ppm/V 
ate " 20 ppm/V 
10V <Viy S40V 2 6 ppm/V 
10 ppm/V 
: 2 - 
Load Regulation (Sourcing Current) 0<loyrs10MA 10 20 ppm/mA 
(Note 3) 35 {__ppm/mA 
Load Regulation (Sinking Current) 0<loy7s 10MA 60 100 ppm/mA 
4 (Note 3) 150 ppm/mA 
Supply Current 0.8 1.2 mA 
a 1.5 mA 
Output Voltage Noise (Nate 5) ar 0.1Hz<f<10Hz 3 | uNp-p 
10Hz = f= 1kHz 2.2 3.5 uVems 
Long Term Stability of | ar= 1000 Hrs 15 T ppm 
Output Voltage (Note 6) Non-Cumulative 
Temperature Hysteresis of Output AT = + 25°C 10 = ppm 
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ELECTRICAL CHARACTERISTICS i11021-7 


Vin = 12V, lout =0, Ta=25°C, Mil or Comm version, unless otherwise noted 


LT1021-7 
UNITS 
PARAMETER CONDITIONS MIN Te MAX | 
Output Voltage (Note 1) [ fea. 695. 7.00. 7.05 v 
Output Voltage Temperature Trin S Tus Tmax / ‘s : 
Coefficient (Note 2) LT1021A-7 1 2 ppm/°C 
LT1021B-7 2 34 Pe 
LT1021D-7 3 ppm 
Line Regulation (Note 3) 1 8.5V <Viy 5 12V ie 1 4 ppm/V 
e 2 8 ppm/V 
12V <Vin 3 40V 0.5 2 ppm/V 
e 1 4 ppm/V 
Load Regulation (Sourcing Current) 0sloyps10mA ah 12 25 ppm/mA 
| (Note 3) e 40 ppm/mA 
Load Regulation (Shunt Mode) 1.2MA <lsyynt ss 10MA r 50 100 [ ppm/mA 
{ (Notes 3, 4) [ eo] 150 | ppm/mA 
Supply Current (Series Mode) 0.75 1.2 : mA 
{ e| 1.5 He <3 mA 
Minimum Current (Shunt Mode) Viy is Open 0.7 1.0 mA 
jel. 1.2 4 mA 
Output Valtage Noise (Note 5) 0.1H2<f-s10Hz 4 »Vp-p 
10Hz <f<1kHz | 25 4 uNrms 
Long Term Stability of At= 1600 Hrs T ppm 
Output Voltage (Note 6) Non-Cumulative ail 2h 
Temperature Hysteresis of Output AT= 425°C | 3 ei ppm 
ELECTRICAL CHARACTERISTICS 111021-10 
Vin = 15V, louy=0, Ta= 25°C, Mil or Comm version, unless otherwise noted 
[> T 
LT1021-10 
PARAMETER CONDITIONS NI 
MIN TYP MAX vas 
Output Voltage (Note 1) LT1021C-10 i 9.995 10.00 10.005 ie v 
| _LT1021A-10, B-10, D-10 il 9,95 10.00 10.05 [_ Vv 
Output Voltage Temperature Twin Tas T Max 
Coefficient (Note 2) LT1021A-10 1 2 ppm/°C 
LT1021B-10 2 5 ppm/°c 
LT1021C-10, D-10 5 20 ppm/°c 
Line Regulation (Note 3) 11. 5VSVy = 14.5V +t 1 4 | ppm/V 
e 6 ppm/V 
14.5V <Vijy <40V 0.5 2 ppm/V 
e 4 ppm/V 
Load Regulation (Sourcing Current) O<loyts 10MA 12 25 + ppm/mA 


(Note 3) e 40  ppm/mA 
Load Regulation (Shunt Mode) 1.7MA <lgyuyts 10MA 50 100 ~  ppm/mA 


, { (Notes 3, 4) {e@| 150 L ppm/mA 

Series Mode Supply Current 1.2 1.7 mA 

e 2.0 mA 

Shunt Mode Minimum Current Vin is Open ‘| 1.1 1.5 mA 

4 | dit 1.7 ahs mA 

Output Voltage Noise (Note 5) 0.1Hz <f<10Hz 6 uVp-p 

0.1Hz<f<1kHz | 3.5 6 uVrms 

Cong Term Stability of At= 1000 Hrs 15 T ppm 
Output Voltage (Note 6) Non-Cumulative 

Temperature Hysteresis of Output AT= £25°C ae 5 r pom 
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The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Output voltage is measured immediately after turn-on. Changes 
due to chip warm-up are typically less than 0.005%. 

Note 2: Temperature coefficient is measured by dividing the change in 


output voltage over the temperature range by the change in temperature. 


Separate tests are done for hot and cold; Tyiy to 25°C, and 25°C to 
Tmax. Incremental slope is also measured at 25°C. For the ‘‘A’’ version 
only, a box method is used from 0°C to 70°C with a height of 

2ppm/°C x 70°C = 140ppm. Military ‘‘A’’ grades receive an additional 
—55°C to + 125°C test to + Sppm/°c. 

Note 3: Line and load regulation are measured on a pulse basis. Output 
changes due to die temperature change must be taken into account 
separately. Package thermal resistance is 150°C /W for TO-5 (H), and 
130°C/W for N. 


Note 4: Shunt mode regulation is measured with the input open. With 
the input connected, shunt mode current can be reduced to OmA. Load 
regulation will remain the same. 


Note 5: RMS noise is measured with a single high pass filter at 10Hz 
and a 2-pole low pass filter at 1kHz. The resulting output is full wave 
rectified and then integrated for a fixed period, making the final reading 
an average as opposed to RMS. A correction factor of 1.1 is used to con- 
vert from average to RMS, and a second correction of 0.88 is used to 
correct for the non-ideal bandpass of the filters. 

Peak-to-peak noise is measured with a single high pass filter at 0.1Hz 
and a 2-pole low pass filter at 10Hz. The unit is enclosed in a still-air 
environment to eliminate thermocouple effects on the leads. Test time is 
10 seconds. 


Note 6: Consult factory for units with long term stability data. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Ripple Rejection 


Bs 


REJECTION (cB) 
REJECTION (dB) 
8 


Ripple Rejection 
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Minimum Input-Output 
Differential LT1021-7 and 
LT1021-10 


10 15 20 25 30 100 1k ae are ey eee a 
INPUT VOLTAGE (¥)} FREQUENCY (Hz) OUTPUT CURRENT (mA) 
Start-Up (Shunt Mode) Output Voltage Noise 
Start-Up (Series Mode) LT1021-7 and LT1021-10 Spectrum 


11 


10 


QUTPUT VOLTAGE (V) 
OUTPUT VOLTAGE (V) 
c--J 


cH SN TT 


0 2 4 #6 
TIME (us) 


8 10 12 «14 


4 6 
TIME (us) 


7H 
men 
ii Tri027 | 


"FREQUENCY (Hz) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Output Voltage Temperature 
Drift LT1021-5 


Output Voltage Noise 


16 
: i en Hie 


RMS NOISE (V) 


10 400 1k 10k 
BANDWIDTH (Hz) 


Quiescent Current 
LT1021-5 


INPUT CURRENT (mA) 


0 15 20 25 
INPUT VOLTAGE (V) 


Load Transient Response 
LT1021-5, CLoap=0 


‘source =0-5MA 


OUTPUT CHANGE (50mV/ 


Isounce=2-10mA 


012 3 401 23 4 
TIME (us) 


OUTPUT VOLTAGE (V) 


CURRENT INTO OUTPUT (mA) 


994 
-50 -25 0 2 50 75 100 125 


TEMPERATURE (°C) 


Sink Mode* Current Limit 
L11021-5 


0 
0 2 4 6 8 0 12 14 16 18 


UT CHANGE {20mV¥/ DIV) 


OUTPUT VOLTAGE (V) 


*NOTE THAT AN INPUT VOLTAGE IS REQUIRED 
FOR 5V UNITS. 


Load Transient Response 
LT1021-5, Ci oap = 1000pF 


0 5 10 15 20 80 5 1 15 20 
TIME (us) 


OUTPUT CHANGE (mV) 


OUTPUT CHANGE (mV) 


Rcsets Regulation LT1021-5 


ra 
Eee Lehisr i 


a 

Ree ae 
ad |_| 
a 


Ba 


-10-8 -6-4 -2 0 2 4 6 8 10 
SOURCING SINKING 


OUTPUT VOLTAGE NOISE (5pV/ DIV) 


OUTPUT CURRENT (mA) 


Thermal Regulation 
LT1021-5 
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Output Noise 0.1Hz to 10Hz 


LT1021-5 


FILTERING = 1 ZERO AT 0.1Hz 
2 POLES AT 10Hz | 


5yV (1ppm) 
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TIME (MINUTES) 


LY WR 


LT1021 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE (V) 


CURRENT INTO OUTPUT (mA) 


4.2 


° 


0.8 


Output Voltage Temperature 
Drift LT1021-7 


2 50 (75 
TEMPERATURE (°C) 


Shunt Characteristics 
LT1021-7 


Q 
o 1 2 3 4 5 6 7 8 9 


OUTPUT VOLTAGE CHANGE 


OUTPUT TO GROUND VOLTAGE (V) 


Load Transient Response 
LT1021-7, Cioap=0 


23 4 0 1 
TIME (us) 


NOTE VERTICAL SCALE CHANGE 
BETWEEN SOURCING AND SINKING 


100 (125 


OUTPUT CHANGE (mV) 


CURRENT INTO OUTPUT (mA) 


Load Regulation 
LT1021-7, 10 


OUTPUT CURRENT (mA) 


Shunt Mode Current Limit 
LT1021-7 


REP, 


6 8 10 12 14 16 18 


QUTPUT VOLTAGE (V) 


Load Transient Response 
LT1021-7, Cioap = 1000pF 


Alsource=100xAp-p | Algink=100pAp-p 


'source=90 rat 2 sink =0.6mA 


OUTPUT VOLTAGE CHANGE 


0 5 10 15 200 5 10 15 20 
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NOTE VERTICAL SCALE CHANGE 
BETWEEN SOURCING AND SINKING 


INPUT CURRENT (mA) 
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OUTPUT CHANGE (mV) 
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OUTPUT NOISE (5pV/DIV) 


Quiescent Current 
LT1021-7 


15 20 «25 
INPUT VOLTAGE (V) 


Thermal Regulation 
LT1021-7 


Vin=27V 
APOWER = 200m 


> THERMAL* 
REGULATION 


0 20 40 60 8 100 120 140 
TIME (ms) 
“INDEPENDENT OF TEMPERATURE COEFFICIENT 


Output Noise 0.1Hz to 10Hz 
LT1021-7 


FILTERING =1 ZERO AT 0.1Hz 
2 POLES AT 10Hz 


Su (0.7ppm) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Output Voltage Temperature 
Drift LT1021-10 
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Shunt Characteristics 
LT1021-10 
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Load Transient Response 
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Load Regulation 
LT1021-7, 10 
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Load Transient 
Response LT1021-10, 
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Thermal Regulation 
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APPLICATIONS INFORMATION 


Effect of Reference Drift on System Accuracy 


A large portion of the temperature drift error budget in 
many systems is the system reference voltage. This 
graph indicates the maximum temperature coefficient 
allowable if the reference is to contribute no more than 
YeLSB error to the overall system performance. The ex- 
ample shown is a 12-bit system designed to operate over 
a temperature range from 25°C to 65°C. Assuming the 
system Calibration is performed at 25°C, the temperature 
span is 40°C. It can be seen from the graph that the 
temperature coefficient of the reference must be no worse 
than 3ppm/ °C if itis to contribute less than LSB error. 
For this reason, the LT 1021 family has been optimized for 
low drift. 


Maximum Allowable Reference 


Drift 
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2a 
rs 
ae 
S& 
2S 10-BIT 
2 "a 
es 
aa 4 
=a + 
BS 12-BIT 
= 
7 1B] 
2 
= 


10 20 30 40 50 60 70 80 90 100 
TEMPERATURE SPAN (°C) 


Trimming Output Voltage 


LT1021-10 


The LT1021-10 has a trim pin for adjusting output volt- 
age. The impedance of the trim pin is about 12kQ with a 
nominal open circuit voltage of 5V. It is designed to be 
driven from a source impedance of 3kQ or less to mini- 
mize changes in the LT1021 TC with output trimming. 
Attenuation between the trim pin and the output is 70:1. 
This allows + 70mV trim range when the trim pin is tied 
to the wiper of a potentiometer connected between the 
output and ground. A 10kQ potentiometer is recom- 
mended, preferably a 20 turn cermet type with stable 
characteristics over time and temperature. 


The LT1021-10 *'C’’ version is pre-trimmed to + 5mV 
and therefore can utilize a restricted trim range. A 75k 
resistor in series with a 20kQ potentiometer will give 
+10mV trim range. Effect on output TC will be only 
ippm/°C for the +5mvV trim needed to set the ‘‘C’’ 
device to 10.000V. 


LT1021-5 


The LT1021-5 does have an output voltage trim pin, but 
the TC of the nominal 4V open circuit voltage at this pin is 
about —1.7mV/°C. For the voltage trimming not to af- 
fect reference output TC, the external trim voltage must. 
track the voltage on the trim pin. Input impedance of the 
trim pin is about 100kQ and attenuation to the output is 
13:1. The technique shown below is suggested for trim- 
ming the output of the LT1021-5 while maintaining mini- 
mum shift in output temperature coefficient. The R1/R2 
ratio is chosen to minimize interaction of trimming and TC 
shifts, so the exact values shown should be used. 


R1 
27k 


1N4148 


LT1021-7 


The 7V version of the LT1021 has no trim pin because the 
internal architecture does not have a point which could be 
driven conveniently from the output. Trimming must 
therefore be done externally, as is the case with ordinary 
reference diodes. Unlike these diodes, however, the out- 
put of the T1021 can be joaded with a trim potentiom- 
eter. The following trim techniques are suggested; one 
for voltage output, and one for current output. The volt- 
age output is trimmed for 6.95V. Current output is 1mA, 
as shown, into a summing junction, but all resistors may 
be scaled for currents up to 10mA. 
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APPUCATIONS INFORMATION 


Both of these circuits use the trimmers in a true poten- 
tiometric mode to reduce the effects of trimmer TC. The 
voltage output has a 2000 impedance, so loading must 
be minimized. In the current output circuit, R1 deter- 
mines output current. It should have a TC commensurate 
with the LT1021 or track closely with the feedback 
resistor around the op amp. 


“RESISTOR TC DETERMINES I qust TC 
“*TC-<10xR1 TC. R2 AND R3 SCALE 
WITH R1 FOR DIFFERENT OUTPUT CURRENTS. 


Capacitive Loading and Transient Response 


The LT1021 is stable with all capacitive loads, but for opti- 
mum settling with load transients, output capacitance 
should be under 1000pF. The output stage of the reference 
is class AB with a fairly low idling current. This makes tran- 
sient response worst-case at light load currents. Because of 


LT1021 


internal current drain on the output, actual worst-case oc- 
curs at ILoap =0 on LT1021-5, ILoap = —0.8mA (sinking) 
on LT1021-7, and ILoap = 1.4mA (sinking) on LT1021-10. 
Significantly better load transient response is obtained by 
moving slightly away from these points. See Load Transient 
Response curves for details. In general, best transient 
response is obtained when the output is sourcing current. In 
critical applications, a 10yF solid tantalum capacitor with 
several ohms in series provides optimum output bypass. 


Kelvin Connections 


Although the LT1021 does not have true force/sense 
capability at its outputs, significant improvements in 
ground loop and line loss problems can be achieved 
with proper hook-up. in series mode operation, the 
ground pin of the LT1021 carries only + 1mA and can 
be used as a sense line, greatly reducing ground loop 
and loss problems on the low side of the reference. The 
high side supplies load current so line resistance must 
be kept low. Twelve feet of #22 gauge hook up wire or 
1 foot of 0.025 inch printed circuit trace will create 2mV 
joss at 10mA output current. This is equivalent to 1LSB 
ina 10V, 12-bit system. 


The circuits below show proper hook up to minimize 
errors due to ground loops and line losses. Losses in the 
output lead can be greatly reduced by adding a PNP boost 
transistor if load currents are 5mA or higher. R2 can be 
added to further reduce current in the output sense lead. 


Standard Series Mode 


INPUT KEEP THIS LINE RESISTANCE LOW: 


GROUND 
RETURN 


LY WEAR 
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LT1021 


APPLICATIONS INFORMATION 


Series Mode with Boost Transistor 


INPUT 


GROUND 
RETURN 


*OPTIONAL—-REDUCES CURRENT IN OUTPUT SENSE LEAD 
R2=2.4k (L11021-5), 3k (LT1021-7), 5.8k (L71021-10) 


Effects of Air Movement on Low Frequency Noise 


The LT1021 has very low noise because of the buried 
zener used in its design. In the 0.1Hz to 10Hz band, 
peak-to-peak noise is about 0.5ppm of the DC output. To 
achieve this low noise, however, care must be taken to 
Shield the reference from ambient air turbulence. Air 
movement can create noise because of thermoelectric dif- 
ferences between IC package leads (especially kovar 
lead TO-5) and printed circuit board materials and/or 
sockets. Power dissipation in the reference, even though 
it rarely exceeds 20mW, is enough to cause small tem- 
perature gradients in the package leads. Variations in 
thermal resistance, caused by uneven air flow, create dif- 
ferential lead temperatures, thereby causing thermoelec- 
tric voltage noise at the output of the reference. The XY 
plotter trace shown below dramatically illustrates this ef- 
fect. The first half of the plot was done with the LT1021 


shielded from ambient air with a small foam cup. The cup 
was then removed for the second half of the trace. Ambi- 
ent in both cases was a lab environment with no exces- 
sive air turbulence from air conditioners, opening/ 
Closing doors, etc. Removing the foam cup increases the 
output noise by almost an order of magnitude in the 
0.01Hz to 1Hz band! The kovar leads of the TO-5 (H) 
package are the primary culprit. Alloy 42 and copper lead 
frames used on dual-in-line packages are not nearly as 
sensitive to thermally generated noise because they are 
intrinsically matched, 


There is nothing magical about foam cups—any enclo- 
sure which blocks air flow from the reference will do. 
Smatier enclosures are better since they do not allow the 
build-up of internally generated air movement. Naturally, 
heat generating components external to the reference 
itself should not be included inside the enclosure. 


Noise Induced by Air 
Turbulence (TO-5 Package) 


LT1021-7 (T0-5 PACKAGE) | 
f=0.01H2 TO 10H2 


+t 4 
20K + FOAM CUP REMOVED 


OUTPUT VOLTAGE NOISE (20,V/DIV) 


—t L 
0 2 4 6 8 10 12 
TIME (MINUTES) 
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APPLICATION CIRCUITS 


LT1021-10 Full Trim Range ( + 0.7%) 


“CAN BE RAISED TO 
20k2 FOR LESS 
CRITICAL APPLICATIONS 


Boosted Output Current With No Current Limit 


V+2(Vour+1.8V) 


T1021 


Negative Series Reference 


—15V 


Boosted Output Current With Current Limit 


V+ 2Voyr+2.8V 


“GLOWS IN CURRENT LIMIT. 
DO NOT OMIT. 


LI WAR 


3-51 


LT1021 


ie 


APPLICATION CIRCUITS 


Ultra Precise Current Source Handling Higher Load Currents 


+15V 


6.98k* 


TYPICAL LOAD 
0.1% 


BLL cuRRENT=30mA 


*SELECT R1 TO DELIVER TYPICAL LOAD CURRENT. 
T1021 WILL THEN SOURCE OR SINK AS NECESSARY 
TO MAINTAIN PROPER OUTPUT. DO NOT REMOVE LOAD 
AS OUTPUT WILL BE DRIVEN UNREGULATED HIGH. LINE 


lout = mA REGULATION 1S DEGRADED IN THIS APPLICATION. 
REGULATION < 1ppm/V. 


*LOW TC COMPLIANCE = —13V TO +7V 


—15V 


Strain Gauge Conditioner for 3500 Bridge 


3572 
VW 


+15V 


Vv 
| 3500 STRAIN 
GAUGE BRIDGE** R3 


Vout 
X100 
1 
1O0pF 18 
—18V 
“THIS RESISTOR PROVIDES POSITIVE FEEDBACK TO **BRIDGE iS ULTRA LINEAR WHEN ALL LEGS ARE 
THE BRIDGE TO ELIMINATE LOADING EFFECT OF ACTIVE, TWO IN COMPRESSION AND TWO IN TENSION, 
THE AMPLIFIER. EFFECTIVE Ziy OF AMPLIFIER OR WHEN ONE SIDE (S ACTIVE WITH GNE COMPRESSED 
STAGE |S = 1M®. IF R2-R5 ARE CHANGED, AND ONE TENSIONED LEG. 


SET R6=R3. tOFFSET AND DRIFT OF LM301A ARE VIRTUALLY 


ELIMINATED BY DIFFERENTIAL CONNECTION OF LT1012C. 
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APPLICATION CIRCUITS 


Ultra Linear Platinum Temperature Sensor* 


_urtoetto 


Voyr= 100mv/°C 
—§0°C <T <= 150°C 


tSTANDARD INOUSTRIAL 100@ PLATINUM 4-WiRE SENSOR, 
ROSEMOUNT 78S, OR EQUIVALENT. cx=0.00385 

TRIM RQ FOR Voy =0 @ 0°C 

TRIM R12 FOR Voyr=10V @ 100°C 

= TRIM R14 FOR Voyt=5V @ 50°C 

USE TRIM SEQUENCE AS SHOWN. TRIMS ARE NON-INTERACTIVE 

§0 THAT ONLY ONE TRIM SEQUENCE {S NORMALLY REQUIRED. 
“FEEDBACK LINEARIZES OUTPUT TO +0.005°C FROM 
—50°C TO +150°C 

**WIREWOUND RESISTORS WITH LOW TC 


Restricted Trim Range for improved 
Resolution, 10V, ‘‘C’’ Version Only Trimming 10V Units to 10.24V 


Vin 40.000V Vin Vour=10.24V 


| GND. TRIM 


R2 
50k 


TRIM RANGE = + 10mV 


V~=—15V" 
*MUST BE WELL REGULATED 
WVour _ 15mv 
wv = V 
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APPLICATION CIRCUITS 


Negative Shunt Reference Driven 
2-Pole Low Pass Filtered Reference by Current Source 


MYLAR 


O + VreF 
Vin 


TOTAL NOISE 
2pViems 
1Hz sf 10kHz 


© —Vrer 


—11V TO —40V 


CMOS DAC with Low-Drift Full Scale Trimming** 


R4* 

1002 
FULLSCALE 
ADJUST 


10V 
FS. 


—18V “TC LESS THAN 200ppm/°C 
**NO ZERO ADJUST REQUIRED 
WITH LT1007 (Vog:<60,¥) 
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APPLICATION CIRCUITS 


Operating 5V Reference from SV Supply 


+5V LOGIC SUPPLY 


CMOS LOGIC GATE** 


+5V 


tin 2kHZ" REFERENCE 


*FOR HIGHER FREQUENCIES C1 AND C2 MAY BE DECREASED. 
**PARALLEL GATES FOR HIGHER REFERENCE CURRENT LOADING. 


Precision DAC Reference with System TC Trim 


+15V 


50k 
TC TRIM* 


10k 
1% 


“TRIMS 1mA REFERENCE CURRENT 
TC BY + 40ppm/°C. THIS TRIM 
SCHEME HAS VERY LITTLE EFFECT ON ROOM 
TEMPERATURE CURRENT TO MINIMIZE ITERATIVE 
TRIMMING. 
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EQUIVALENT SCHEMATIC 


OUTPUT 


R1 


GND 


PACKAGE DESCRIPTION 


H Package 
Metal Can 


9.355 --0.370 
(9,017 --9.398) 
OA 


0,305 — 0,335 
(7.747 — 8.509) 
0.040 OIA 
(1.016) : 
wax (1.270) 0.165—0.185 
tL mt (4.191 — 4,699) 
SEATING f 
PLANE } SORE 0.500 — 0.750 
peiienas a 1 ll (12.70 19.05) 
(ae 1s) IL 00160021, 
(0.406 — 0.533) 
Tye 
asetye 0.027 — 0,045 
(0.027 -0.034. (0.686 ~ 1,143) 
(0.686-~ 0.864) 


0.120—0.160 
{3.088 — 4.064) RAD TYP 
INSULATING 

STANDOFF 


NOTE: DIMENSIONS IN INCHES (MILLIMETERS) 


Tymax oe He 
450°C) 180°C/W | ascc/w 


0.155 -0.175 
(3.937 — 4.445) 


9.425 — 0.130 


3.1753. - 


SPS fees PCS een APA See RD 
ibs 8.040 py 0.060 


0.020 


(0,508) 


N8 Package 
8 Lead Plastic 


= ee 


-—— 0,240 - 0.280 
(6.096 — 7.112) 


| 


oe ical 
(2.540) 
ick 


(1,016) (1.524) 
sa 
0,370-0.400 
“~ (g-400- 10.16) - 
0,005 
ed eT) 
MIN 
TE. i 
0.115-0.145 4 
peas 921 — 3.683) fr 
u 
ren 0.060 oi cag 
(0.762— 1.528) 82 1.528 wis | 
0.004~0,023 a 023 0,200-0.310 
10.356 - 0.584) 58—0.584) (7.306—7.874) 


NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 
“LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tynax $8 
100°C 130°C/W 


esSr 


7° £5° 


0.008 — 0.015 
(0-203 -0.381) 
TYP 
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FEATURES 


= Low Drift—20ppm/°C Max Slope* 

= Trimmed Output Voltage’ 

= Operates in Series or Shunt Mode 

= Output Sinks and Sources in Series Mode 
w Very Low Noise <1ppm p-p (0.1Hz to 10Hz} 
= >100dB Ripple Rejection 

® Minimum Input-Output Differential of 1V 

= 100% Noise Tested 


APPLICATIONS 


= AtoDandDtoA Converters 
= Precision Regulators 

= Digital Voltmeters 

= Inertial Navigation Systems 
= Precision Scales 

® Portable Reference Standard 


*Units specified at 10ppm/°C maximum drift and 0.1% output voltage toler- 
ance are available on request. 


LT1021IDCS8 
Precision Reference 


DESCRIPTION 


The LT1021 is a precision reference with ultra low drift and 
noise, extremely good long term stability, and almost total 
immunity to input voltage variations. The reference output 
will both source and sink up to 10mA. Three voltages are 
available; 5V, 7V and 10V. The 7V and 10V units can be 
used as shunt regulators (two terminal zeners) with the 
same precision characteristics as the three terminal con- 
nection. Special care has been taken to minimize' thermal 
regulation effects and temperature induced hysteresis. 


The LT1021 references are based on a buried zener diode 
structure which eliminates noise and stability problems 
associated with surface breakdown devices. Further, a 
subsurface zener exhibits better temperature drift and 
time stability than even the best band-gap references. 


Unique circuit design makes the LT1021 the first \C refer- 
ence to offer ultra low drift without the use of high power 
on-chip heaters. 


The LT1021-7 uses no resistive divider to set output volt- 
age, and therefore exhibits the best long term stability and 
temperature hysteresis. The LT1021-5 and LT1021-10 are 
intended for systems requiring a precise 5V or 10V refer- 
ence, with an initial tolerance as low as 0.05%. * 


iia 


Basic Positive and 
Negative Connections 


i1021 2=3V 111021-5 


= ri= Your= (V7) 
Troap+1.5mA 


Output Noise 0.1Hz 
to 10Hz—LT1021-10 


FILTERING = 1 ZERO AT 0.1Hz |, 
2 ULES AT 10Hz 


171021 
(7 AND 10 ONLY) 


OUTPUT VOLTAGE NOISE (10nV/ DIV) 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/OADER INFORMATION 


Input Voltage ...........ccccceesceesescaseaseuseeers 40V 

Input-Output Voltage Differential .................... 35V — ORDER PART 

Output to Ground Voltage (Shunt Mode Current Limit) NUMBER 
LT O2AD usec cyetyoaannains arancieeidineredcs 10V ’ LT1021DCS8-5 
i oe Bigs HAY summbeluedla@ peice oceatebese 7 a LT1021DCS8-7 

TimPintoGroundVoltage =i (‘(stét*~*~*~*” 88 PACKAGE ee 
Positive ..........ccccssasccecceceesenss Equal to Vout PLASTIC $0 PART MARKING 
NO QALIVG ss siss os iiuxnears tresnddeaalexisteen -20V Be ree dll cele 

Output Short Circuit Duration _TOTMESE ee 2105 (6V VERSION) 
Mi = SOV cceusste hatieatl oacatae tyes: 10sec CONNECT EXTERNAL CIRCUMTRY 10 a (7V VERSION) 
Wi Oa cohen teut.tans eee indefinite Pw 5 ON Lge HOY VERSION) 

Operating Temperature Range ............... 0°C to 70°C 

Storage Temperature Range 
All DeviceS............ccccceeesserees — 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.).............. 300°C 


ELECTRICAL CHARACTERISTICS LTl 021 5 Vin = 10V, lout =0, Ta = 25°C, unless otherwise noted 


LT1021D-5 


PARAMETER 
Output Voltage (Note 1) 


Output Voltage Temperature 0°C sT)s70°C 
Coefficient (Note 2) 


Line Regulation (Note 3) 7.2V<Viys10V 4 12 ppmiV 


e 20 ppmiv 


(Note 3) e 35 ppmimA 
Load Regulation (Sinking Current) O<loyrs10MA 60 100 ppm/mA 


(Note 3} 150 PpmimA 


CONDITIONS 


Supply Current 


0.1Hz<f<10Hz 
10Hz< fs tkHz 
15 


Long Term Stability of pomivkhrs 
Output Voltage 

Temperature Hysteresis of Output AT= + 25°C 10 ppm 

ELECTRICAL CHARACTERISTICS LT1O21-7 vy = 12V, out =0, 1, =25°C, unless otherwise noted 


LT1021D-7 


Output Voltage Noise (Note 5) 


PARAMETER 
Output Voltage (Note 1) 


Output Voltage Temperature 
Coefficient (Note 2} 
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CONDITIONS 


Tun STS Tyax 


LT1021DCS8 


enna 


ELECTRICAL CHARACTERISTICS LT1021-7 vy =12v,lour=0, Tr =25°C, unless otherwise noted 


PARAMETER CONDITIONS 
Line Regulation (Note 3} 8.5VsVyst2V 4 ppmiV 
ine Reg ( ) iN : pen 
12V <Viys40V 0.5 2 pp! 
peewee : s 1 4 ppmiV 
Load Regulation (Sourcing Current) 0<loyrs 10MA 12 25 | ppm/imA 
{Note 3) 


1.2mA slgyuntS 10mA 


Load Regulation (Shunt Mode) 
(Notes 3, 4) 


Supply Current (Series Mode} 


Minimum Current (Shunt Mode) Vin is Open 


0.1Hzsf<10Hz 


Output Voltage Noise (Note 5) 
L 10Hz<f<1kHz 


Long Term Stability of 
Output Voltage 


Temperature Hysteresis of Output AT= + 26°C 


ELECTRICAL CHARACTERISTICS LTIO2I1-10 vi, =15v,1our=0, 14 =25°C, unless otherwise noted 


PARAMETER CONDITIONS 
Output Voltag 


Output Voltage Temperature 
Coefficient (Note 2) 


Twn ST) Tax 


Line Regulation (Note 3} 11.5VsViys 14V.5 4 ppmiV 
e : 6 ppmiV 
14.5V<Viy s40V 0.5 2 : ppmiV 
L a 
Load Regulation (Sourcing Current) O<loyrs10mA 12 
(Note 3) 
Load Regulation (Shunt Mode) 1.7MA<Ioyynrs 10MA 
(Notes 3, 4) 
Series Mode Supply Current 
Shunt Mode Minimum Current T Vin is Open 
ce: [eee ee 
Output Voltage Noise (Note 5) 0.1Hz<f<10Hz 
0.1Hz<f< 1kHz 
Long Term Stability of fe At= 1000 Hrs 
Output Voltage L Non-Cumulative 
Temperature Hysteresis of Output Lb AT= +25°C 5 ppm 
The @ denotes the specifications which apply over the full operating tem- Note 4: Shunt mode regulation is measured with the input open. With the 
perature range. input connected, shunt mode current can be reduced to OmA, Load regula- 
Note 1: Output voltage is measured immediately after turn-on. Changes tion will remain the same. 
due to chip warm-up are typically less than 0.005%. Note 5: RMS noise is measured with a single high pass filter at 10Hz and a 
Note 2: Temperature coefficient is quaranteed as a slope from room tem- 2-pole low pass filter at 1 kHz. The resulting output is full wave rectified and 
perature (25°C) to 0°C and 70°C, also known as a “butterfly” specification. then integrated for a fixed period, making the final reading an average as 
Note 3: Line and load regulation are measured on a pulse basis. Output opposed to RMS. A correction factor of 1.1 is used to convert from average 
changes due to die temperature change must be taken into account sepa- to RMS, and a second correction of 0.88 is used to correct for the non-ideal 


rately. Package thermal resistance is 110°C/W. bandpass of the fitters. 
Peak-to-peak noise is measured with a single high pass filter at 0.1Hz and a 
2-pole low pass filter at 10Hz. The unit is enclosed in a still-air environment 
to eliminate thermocouple effects on the jeads. Test time is 10 seconds. 
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NOTES 
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FEATURES 


= 0.2% Output Tolerance 

® 0.50 Shunt Impedance 

® 600zA to 10mA Operating Current 

® Pin Compatible with LM136-5 

= 20ppm/°C Max. Drift 

# Quiput Voltage Trim does not Affect Drift 

« Can be Used as Positive or Negative Reference 


APPLICATIONS 


® A-to-D and D-to-A Converters 
= Precision Regulators 

= Precision Current Sources 

= V to F and F to V Converters 


LT1029/LT1029A 
5V Bandgap Reference 


DESCRIPTION 


The LT1029 is a 5V bandgap reference intended for use 
in the shunt or ‘‘zener’’ mode, allowing it to be used as 
either a positive or negative reference. The output is 
pretrimmed to + 0.2% accuracy with 20ppm/°C max- 
imum temperature drift. A trim pin allows additional out- 
put adjustment for even more precise output voltage. 


Operating current range for the LT1029 is 600A to 10mA. 
Extremely low dynamic impedance allows excellent output 
regulation even with fluctuating operating current. 


The LT1029 will replace an LM136-5 or LM336-5 and 
simplify circuits using the ‘‘minimum temperature coeffi- 
cient’’ trim network. The LT1029 does not require this 
special network to meet its temperature drift specification 
and these application network components are simply 
removed. If output trimming is required for initial ac- 
curacy, the diodes in the trim network should be replaced 
with jumpers. 


TYPICAL APPLICATION 


Output Voltage Drift 


o 
2 
a 


a 
° 
= 
So 


OUTPUT VOLTAGE (V) 


-50 -25 0 2 50 75 100 125 
TEMPERATURE (°C) 
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LT1029/LT1029A 


ABSOLUTE MAXIMUM RATINGS 


‘PACKAGE/ORDER INFORMATION 


Reverse Current ....................00- 15mA 
Forward Current 00.0... eee eee 10mA ORDER PART 
Operating Temperature Range NUMBER 
LT1029M/LT1029AM ....... —55°C to + 125°C 
LT1029C/LT1029AC ............ 0°C to +70°C 
Storage Temperature........... — 65°C to + 150°C 
Lead Temperature (Soldering, 10sec.)........ 300°C TODSUEE 
T0-48 METAL CAN LT1029ACH 
BOTTOM viENE LT1029CH 
LT1029ACZ 
LT1029CZ 
Z PACKAGE 
JO-92 PLASTIC 
BOTTOM VIEW 
ELECTRICAL CHARACTERISTICS 
PARAMETER CONDITIONS 


Reverse Breakdown Voltage Ip=1mA —_LT1029AM, LT1029AC Vv 
LT1029M, LT1029C 4.95 5.00 5.05 ii Vv 
Reverse Breakdown Change with Current 600pA <l_=10mA 2 5 mV 
° 3 ee 
Reverse Dynamic Impedance Ip=1mA 0.2 06 Q 
e 0.3 1.0 Q 
Temperature Stability LT1029AC e 3 7 mV 
LT1029¢ 5 mV 
LT1029AM 7 mv 

LT1029M 1 

Equivalent Temperature Drift LT1029AM, LT1029AC 

LT1029C ppm/°C 
LT1029M ppm/°c 


Long Term Stability 


Trim Range 


The @ denotes the specifications which apply over the full operating 
temperature range. 
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LT1029/LT1I029A 


TYPICAL PERFORMANCE CHARACTERISTICS 


Reverse Characteristics 


1 2 3 4 6§ 6 7 
OUTPUT TO GROUND VOLTAGE (V) 


APPLICATIONS INFORMATION 
Output Trimming 


Output voltage trimming on the LT1029 is nominally ac- 
complished with a potentiometer connected from output to 
ground with the wiper tied to the trim pin. The LT1029 was 
made compatible with existing references, so the trim range 
is large; +5%, —13%. This large trim range makes preci- 
sion trimming rather difficult. One solution is to insert 
resistors in series with both ends of the potentiometer. This 
has the disadvantage of potentially poor tracking between 
the fixed resistors and the potentiometer. A second method 
of reducing trim range is to insert a resistor in series withthe 
wiper of the potentiometer. This works well only for a very 


Wide Trim Range (+5%, —13%) 


Vt 
$= 800uA 


Veer 


25k 


small trim range because of the mismatch in TCs between 
the series resistor and the internal thin film resistors. These 
film resistors can have a TC as high as 500ppm/°C. That 
same TC is then transferred to the change in output voltage; 
a 1% shift in output voltage causes a (500ppm) (1%) = 
5ppm/°C change in output voltage drift. The worst-case er- 
ror in initial output voltage for the LT1029A is 0.2% and for 
the LT1029 is 1%, so a series resistor is satisfactory if the 
output is simply trimmed to nominal value. 1ppm/°C TC 
shift would be the maximum expected for the LT1029A and 
5ppm/°C for the LT1029. 


Narrow Trim Range 


ain 


bed = 


TRIM RANGE 
0.4% — LT1029A, R1 = 750k 
1.2% — LT1029, R1 =250k 
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LT1029/LT1029A 


APPLICATIONS INFORMATION 
Shunt Capacitance 


The LT1029 is stable with all values of shunt capacitance, 
but values between 300pF and 0.01nF are not recom- 
mended because they cause longer settling following a 


Trimming Output to 5.120V 


transient in operating current. A 1zF solid tantalum 
capacitor is suggested for most situations where bypass- 
ing is desirable. 


Split +: 2.5V References 


a 
+2.5V 
| ena 
Vpep=5.120V 
Rt 171029 
41.2k 
R2 
“ ~2.5V 
R3 
4.02k 
PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 
H Package Z Package 
TO-46 Metal Can TO-92 Plastic 
0.209 — 0.230_ 0.175—0.185 5°NOM 
{5.309—5.842) si eae & (4.445 4.699) 
0.178~0.195 r 
(4.521 — 4953) 0,475 —0.185 0.065 
(4.445 — 4.699) (1.651) 
0.085 — 0,105 SEATING DIA 
0.015 (2.158 — 2.667) PLANE A 
0.500 ip 337) 5° 
(0.381) 0.500 9.090 0.025 
em) MAX 71270) (2.286) 8.025, NOM 


0,030 
i (| (0.762) 
0,016 —0.019 MAX 


(0.406 — 0.483) 


DIA 
0.050 _0.100 
(1.27 . 0.050 
TyP (1.270) 
TYP 
0.036 — 0.046 0.028 —0.048 


(0914-1168) (0.711 1.219) 


MIN NOM ei 
| UNCONTROLLED 
Sa LEAD DIA 
018 0.0145 —0.0155 


0.045 —0.055 TYP esc aacgl 
(1.143=1.397) sete aan 
FINISH 
0.045 —0,055 
0.090. (1.143 — 1.397) 


* 0.195-0.145 
(3.429—3.683) 


Timax Ai, 
tooec | 160°C/W 
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FEATURES 


= Pin Compatible with LHOO70 and AD581* 
= Ultra Low Drift~5ppm/°C Max Slope 

= Trimmed Output Voltage 

= Operates in Series or Shunt Mode 

= Output Sinks and Sources in Series Mode 
= Very Low Noise < ippm p-p 0.1Hz to 10Hz 
= >100dB Ripple Rejection 

# Minimum Input Voltage of 11V 


APPLICATIONS 


# Ato D and D to A Converters 
# Precision Regulators 

# Digital Voltmeters 

= inertial Navigation Systems 
= Precision Scales 

® Portable Reference Standard 


*See LHOO70 Electrical Characteristics table and AD581 cross reference 
guide. 


LT1031/LHO070 
Precision 10 Volt Reference 


DESCRIPTION 


The LT1031 is a precision 10V reference with ultra low 
drift and noise, extremely good long term stability, and 
almost total immunity to input voltage variations. The 
reference output will both source and sink up to 10mA 
and can be used as a shunt regulator (two terminal zener) 
with the same precision characteristics as the three ter- 
minal connection. Special care has been taken to mini- 
mize thermal regulation effects and temperature induced 
hysteresis. 


The LT1031 reference is based on a buried zener diode 
structure which eliminates noise and stability problems 
associated with surface breakdown devices. Further, a 
subsurface zener exhibits better temperature drift and 
time stability than even the best band-gap references. 


Unique circuit design makes the LT1031 the first three 
terminal IC reference to offer ultra low drift without the 
use of high power on-chip heaters. Output yoliege is pre- 
trimmed to 0.05% accuracy. 


The LT1031 can be used as a plug-in replacement for the 
AD581 and LHO070*, with improved electrical and ther- 
mal performance. 


Basic Positive and 
Negative Connections 


Ri = Vou Rt 
LOAD + 1.5mA 
—Vin 


Distribution of Output Accuracy 


Ta=25°C 
DISTRIBUTION 
FM § RUNS 


PERCENT OF UNITS (%) 


0 pe ee ee 
-0.10 —0.06 02 0 0.02 0.06 0.10 
OUTPUT ACCURACY (%) 
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LT1031/LHO070 


ABSOLUTE MAXIMUM RATINGS 


PACKAGE/ORDER INFORMATION 


BOTTOM VIEW 
INPUT 


Y 


GROUND 


H PACKAGE 
TO-5 METAL CAN 


OUTPUT 


ORDER PART 
NUMBER 


LHO0070-0H 
LHO070-1H 
LHO070-2H 


{T1031BMH 
LT10310MH 
LT1031DMH 
LT1031BCH 
LT1031CCH 
LT1031DCH 


Input Voltage ..... 0... eee eee 40v 
Input-Output Voltage Differential .............. 35V 
Output to Ground Voltage 

(Shunt Mode Current Limit)................ 16V 
Trim Pin to Ground Voltage 

Positive ........ 0 cece eee eee Equal to Vout 

Negative... 0... ccc eee ~20V 
Output Short Circuit Duration 

VINSSBV ow cece een e eee 10 sec 

VINS20V.. 0... eee Indefinite 
Operating Temperature Range 

LT10374 (Mil) ...... 0.0.0... —55°C to 125°C 

LT1031 (Comm) .....0.......000.. 0°C to 70°C 
Storage Temperature Range ....... — 65°C to 150°C L 
Lead Temperature (Soldering, 10sec.)........ 300°C 


ELECTRICAL CHARACTERISTICS U11031 


Vin=15V, lout =0, Ta = 25°C, Mil or Comm version, unless otherwise noted 


LT1031 

SYMBOL PARAMETER CONDITIONS UNITS 

| L MIN TYP MAX i 
Vr a Output Voltage (Note 1) LT1031B ir 9.995 10.000 10.005 V 
LT1031C 9.990 10.000 10.010 Vv 
LT1031D bes 9.980 10.000 10.020 V 

AVR ~~ Output Voltage Temperature Twin S Tu ST Max 7 
AT Coefficient (Note 2) LT1031B e 3 5 ppm/°G 
LT1031C e 6 15 ppm/°C 
_| _{__LT1031D e 10 25 | ppc 
AVR Line Regulation (Note 3) 11,5V SVs 14.5V 1 4 pom/V 
AVin e 6 ppm/V 
14.5V <Viy = 40V 0.5 2 pom/V 
e 4 ppm/V 
AVa | Load Regulation (Sourcing Current) | O<\gy7=10mA | 12 25 |" ppm/mA 
Alo (Note 3) e 40 ppm/maA 


AVR Load Regulation (Shunt Mode) 


1.7mAs Isnunt S 10mA 


4. 


i. 


50 


-| 
Alo (Notes 3, 4) e 150 ppm/mA 
lq Series Mode Supply Current 1.2 ne mA 


100 | ppm/maA 


e LL 2 ee mA 
iw | Shunt Mode Minimum Current Vin is Open | 1 15 mA 
J 1.7 mA 
Output Short Circuit Current 11V Ss Vy 335V ’ LE 30 ae mA 
Minimum Input Voitage (Note 6) lour = 1mA | L 10.8 11.0 L V 
Cn Output Voltage Noise 0.1Hz sf<10Hz 6 pVp-p 
0.1Hz =f =< 10kHz WW pVims 
t~ 7 + + — 
AVR Long Term Stability of At= 1000 Hrs 15 ppm 
Atime Output Voltage Non-Cumulative , 
Temperature Hysteresis of Output AT=50°C a L ppm 
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LT1031/LHOO70 


SS PT TS ES ESI ET I I 


ELECTRICAL CHARACTERISTICS LHOO70 


Vin = 15V, Rp =10k0, —55°C <Ta< +125°C unless otherwise noted 


SYMBOL is PARAMETER CONDITIONS MIN TYP MAX UNITS 
Vp Output Voltage 1Y T,=25°C | 10.000 v 
AVp 1 Output Accuracy Ty Ta = 28°C 
-0,-1 +0.03 +0.1 % 
-2 +£0.02 +£0.05 | % 
AV, Output Accuracy Ta= —55°C, 125°C A 
-0, - e +0.3 % 
“2 +0.2 % 
AVR Output Voltage Change Note 5 
AT with Temperature 
-0 e +0.2 % 
4 e +0.02 +£0.41 % 
2 e +0.01 +0.04 % 
+ {24 
AVR Line Regulation 13V <Viy S93V, Ty = 25°C 
Win, -0,-1 0.006 0.4 % 
-2 i 0.006 0.03 | % 
Input Voltage Range e Ty 11.4 40 v 
AVa Load Regulation “| OmA Sloyy s5mA eo! 0.01 0.03 % 
Alp wy 
\g Quiescent Current 13V <Viy $33V | e | 1.2 5 mA 
Alg Change in Quiescent Current AViy=20V from 13V to 33V e 0.1 1.5 mA 
ep Output Noise Voltage ef 6 uNp-p 
|) ~ Ripple Rejection q f=120Hz e 0.001 % /Np-p 
ny y Output Resistance | e 0.2 0.6 Q 
AV7 Long Term Stability Ta=25°C (Note 7) a 
ATime 20721 +0.2 IN 
2 £0.05 ||  %/Yr 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Output voltage is measured immediately after turn-on. Changes 
due to chip warm-up are typically less than 0.005%. 

Note 2: Temperature coefficient is measured by dividing the change in 
output voltage over the temperature range by the change in temperature. 
Separate tests are done for hot and cold; Tyiy to 25°C, and 25°C to 
Tmax. incremental slope is also measured at 25°C. For 1T1031BMH, the 
5ppm/°C drift specification is for — 25°C to 85°C. Drift over the full 
—55°C to + 125°C range is guaranteed to 7ppm/°C. 


Note 3: Line and foad regulation are measured on a pulse basis. Output 
changes due to die temperature change must be taken inta account 
separately. Package thermal resistance is 150°C /W. 
Note 4: Shunt mode regulation is measured with the input open. With 
the input connected, shunt mode current can be reduced to OmA. Load 
regulation will remain the same. 


Note 5: Temperature drift is guaranteed from — 25°C to + 85°C on 


LHOO70. 


Note 6: See curve for guaranteed minimum Vin versus Jqyr. 
Note 7: Guaranteed by design. 


CROSS REFERENCE 


The following cross reference guide may be used to select 
LT1031 grades which meet or exceed output voliage, 
temperature drift, load and line regulation, and output 
current specifications of the AD581_ reference. 
Parameters such as noise, hysteresis, and long term 
Stability will be significantly better for all LT1031 grades 
compared to the AD581. 


Cross Reference Guide—LT1031 to AD581 


AD581J 
AD581K 
ADS81L 
AD581S 
AD581T 
AD581U 


order 
order 
order 
order 
order 
order 


LT1031DCH 
LT1031CCH 
1T1031BCH 
LT1031DMH 
LT1031CMH 
LT1031BMH 


LIT WR 
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LT1031/LHOO70 


TYPICAL PERFORMANCE CHARACTERISTICS 


Ripple Rejection 


REJECTION (dB) 


5 
0 5 #10 15 2 2& 30 35 40 
INPUT VOLTAGE (V) 


Start-Up (Series Mode) 
13 
12 
ab) 
S 10 
2 9 
S 8 
2 7 
S 6 
5 
4 
3 

6 
TIME (pS) 
Output Voltage Noise 


14 }FILTER =1 POLE 
frow=0.1Hz 


RMS NOISE (zV) 
oa 


0 
10 10k 
pcnerent da 


REJECTION (dB) 


QUTPUT VOLTAGE (V) 


OUTPUT CHANGE (mV) 


Ripple Rejection 


10 100 1k 10k 
FREQUENCY (Hz) 


Start-Up (Shunt Mode) 


TIME (us) 


ie Regulation 


—5 
-10-8 -6 -4 -2 0 2 
SOURCING 
OUTPUT CURRENT (mA) 


Minimum Input Voltage 


GUARANTEED Ty = 126° £ 
CURVE-ALL LM VY : 
TEMPS yA Tj= 55°C 
/| YO 


LZ. 
i 
| 
8 20 


Output Voltage Noise Spectrum 


11.6 


10.0 
0 2 4 6 8 0 12 14 16 1 
OUTPUT CURRENT (mA) 


8 
3 


Y 


NOISE VOLTAGE (nV//Hz) 
~ 
8 
r=) 


100 1k 
FREQUENCY (Hz) 


Output Voltage Temperature 
Drift 


OUTPUT VOLTAGE (V) 


“50-25 0 2 60 75 
TEMPERATURE (°C) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Input Supply Current 


INPUT CURRENT (mA) 


0 
0 5 10 18 2 2 30 35 40 
INPUT VOLTAGE (V) 


Thermal Regulation 


1 
ned 
a 


OUTPUT CHANGE (mV) 
I 
PS 


| 
a 


pg ete | a oh te 


20 40 8 80 100 120 140 


“INDEPENDENT OF TEMPERATURE COEFFICIENT 


Shunt Characteristics 


INPUT PIN OPEN 


QUTPUT TO GROUND VOLTAGE (V) 


Load Transient Response 
Cioan=0 
"Algink = 100xAp-p 


aan 
Boe 
[nen0 


BaNe 


Vi sink =1.0mA 


eile 
Fiane= ra | 
Prt 


QUTPUT VOLTAGE CHANGE 


NOTE VERTICAL SCALE CHANGE 
BETWEEN SOURCING AND SINKING 


Output Noise 0.1Hz to 10Hz 


FILTERING =1 ZERO AT 0.1Hz 

> 2 POLES AT 10Hz “2 
s 
& [toy (ippm) +— 
rf 
Oo 
= 
wu 
ao 
aT (t 
oO 
= he } 
= 
& 
= 
a ieee 

0 1 6 


2 3 4 
TIME (MINUTES) 


CURRENT INTO OUTPUT (mA) 


LT1031/LHOO70 


Shunt Mode Current Limit 


0 2 4 6 8 10 12:14 16 18 
OUTPUT VOLTAGE (V) 


Load Transient Response 
Croan = 1000pF 


|_V (ean = 5mA 


‘source =2-10mA 


Meise 
EBS 
024 68 02 46 8 


TIME (ys) 


NOTE VERTICAL SCALE CHANGE 
BETWEEN SOURCING AND SINKING 


OUTPUT VOLTAGE CHANGE 
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LT1031/LHOO70 


APPLICATIONS INFORMATION 
Trimming Output Voltage 


The LT1031 output can be trimmed by driving the ground 
pin. The suggested method is shown in the accompany- 
ing figure. A 5Q resistor is inserted in series with the 
ground pin and the top of the resistor is supplied current 
from a trim potentiometer. This technique requires fairly 
high trim current—up to 1.5mA from the LT1031 or 
3.5mA from the —15V supply, but it is necessary to 
maintain low drift in the reference. Ground pin current 
changes in the LT1031 (with temperature) could be as 
high as 4pA/°C. This, coupled with the 5Q external 
resistor, creates up to 2ppm/°C drift in the reference 
(50 x 4pA/°C = 20uV/°C =2ppm/°C). If induced drift 
higher than this can be tolerated, all resistor values in the 
trim circuit can be raised proportionately to reduce cur- 
rent drain. 


Output Voltage Trimming 


“CAN BE INCREASED TO 5.6k FOR 
(11031B AND LH0070-2 
**INCREASE TO 109 FOR LT1031D 


Effect of Reference Drift on System Accuracy 


A large portion of the temperature drift error budget in 
many systems is the system reference voltage. This 
graph indicates the maximum temperature coefficient 
allowable if the reference is to contribute no more than 
Ye LSB error to the overall system performance. The ex- 
ample shown is a 12-bit system designed to operate over 
a temperature range from 25°C to 65°C. Assuming the 
system calibration is performed at 25°C, the temperature 
span is 40°C. It can be seen from the graph that the 
temperature coefficient of the reference must be no worse 
than 3ppm/ °C if itis to contribute less than LSB error. 
For this reason, the LT1031 has been optimized for low 
drift. 


Maximum Allowable Reference 
Drift 
100 


o 


YeLSB ERROR (ppm/°C)} 


14-BIT 


MAXIMUM TEMPERATURE COEFFICIENT FOR 


10 20 30 40 50 80 90 100 


60 70 
TEMPERATURE SPAN (°C) 


Capacitive Loading and Transient Response 


The LT1031 is stable with all capacitive loads, but for opti- 
mum settling with load transients, output capacitance 
should be under 1000pF. The output stage of the reference 
is class AB with a fairly low idling current. This makes tran- 
sient response worst-case at light load currents. Because of 
internal current drain on the output, actual worst-case oc- 
curs at \Loap =1.4mA (sinking). Significantly better load 
transient response is obtained by moving slightly away from 
these points. See Load Transient Response curves for 
details. In general, best transient response is obtained 
when the output is sourcing current. In critical applications, 
a 10yF solid tantalum capacitor with several ohms in series 
provides optimum output bypass. 


Kelvin Connections 


Although the LT1031 does not have true force/ sense 
capability at its outputs, significant improvements in 
ground loop and line loss problems can be achieved 
with proper hook-up. In series mode operation, the 
ground pin of the LT1031 carries only = 1mA and can 
be used as a sense line, greatly reducing ground loop 
and loss problems on the low side of the reference. The 
high side supplies load current so line resistance must 
be kept low. Twelve feet of #22 gauge hook up wire or 
1 foot of 0.025 inch printed circuit trace will create 2mV 
loss at 10mA output current. This is equivalent to 1LSB 
ina 10V, 12-bit system. 
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LT1031/LHOO70 
APPLICATIONS INFORMATION 


The circuits below show proper hook up to minimize | movementcan create noise because of thermoelectric dif- 
errors due to ground loops and fine losses. Losses inthe ferences between IC package leads (especially kovar 
output lead can be greatly reduced by addingaPNP boost —_lead TO-5) and printed circuit board materials and/or 
transistor if load currents are SmA or higher. R2 canbe — sockets. Power dissipation in the reference, even though 
added to further reduce current in the output sense lead. _it rarely exceeds 20mW, is enough to cause small tem- 
perature gradients in the package leads. Variations in 
thermal resistance, caused by uneven air flow, create dif- 
Standard Series Mode ferential lead temperatures, thereby causing thermoelec- 
tric voltage noise at the output of the reference. The XY 
plotter trace shown below dramatically illustrates this ef- 
fect. The first half of the plot was done with the LT1031 
shielded from ambient air with a small foam cup. The cup 
was then removed for the second half of the trace. Ambi- 
ent in both cases was a lab environment with no exces- 
sive air turbulence from air conditioners, opening/ 
Closing doors, etc. Removing the foam cup increases the Ea 
output noise by almost an order of magnitude in the 
0.01Hz to 1Hz band! The kovar leads of the TO-5 (H) 
Series Mode with Boost Transistor package are the primary culprit. Alloy 42 and copper lead 
frames used on dual-in-line packages are not nearly as 
INPUT sensitive to thermally generated noise pecans they are 
intrinsically matched. 


KEEP THIS LINE RESISTANCE LOW 


INPUT 


GROUND 
RETURN 


There is nothing magical about foam cups—any enclo- 
sure which blocks air flow from the reference will do. 
Smaller enclosures are better since they do not allow the 
build-up of internally generated air movement. Naturally, 
heat generating components external to the reference 
itself should not be included inside the enclosure. 


Noise Induced by Air 
Turbulence (TO-5 Package) 


(T0-5 PACKAGE) 
f=0.01Hz to 10H2 


GROUND 
RETURN 


*OPTIONAL—REDUCES CURRENT IN OUTPUT SENSE LEAD 


Effects of Air Movement on Low Frequency Noise 


The LT1031 has very low noise because of the buried 
zener used in its design. In the 0.1Hz to 10Hz band, 
peak-to-peak noise is about 0.5ppm of the DC output. To 
achieve this low noise, however, care must be taken to 
Shield the reference from ambient air turbulence. Air 


OUTPUT VOLTAGE NOISE (202V/ DIV) 


6 
Me (Tes), 
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LT1031/LHOO070 
APPLICATION CIRCUITS 


Negative Series Reference 


— 15V 


Boosted Output Current With No Current Limit Boosted Output Current With Current Limit 


“GLOWS IN CURRENT LIMIT. 


DO NOT OMIT. 
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LT1031/LHO070 


APPLICATION CIRCUITS 


Handling Higher Load Currents 


+15V 30mA 


Ri* 
1692 


Vout 10V 


TYPICAL LOAD 
CURRENT = 30mA 


Ta | 


beh od 


“SELECT R1 TO DELIVER TYPICAL LOAD CURRENT. 
LT1031 WILL THEN SOURCE OR SINK AS NECESSARY 
TO MAINTAIN PROPER OUTPUT. 00 NOT REMOVE LOAD 
AS OUTPUT WILL BE DRIVEN UNREGULATED HIGH. LINE 
REGULATION IS DEGRADED IN THIS APPLICATION. 


Strain Gauge Conditioner for 3500 Bridge 


3570 
1/2W 


+15V 


3500 STRAIN 
GAUGE BRIDGE** 


-15V 
“THIS RESISTOR PROVIDES POSITIVE FEEDBACK TO “*BRIDGE 1S ULTRA LINEAR WHEN ALL LEGS ARE 
THE BRIDGE TO ELIMINATE LOADING EFFECT OF ACTIVE, TWO IN COMPRESSION AND TWO IN TENSION, 
THE AMPLIFIER. EFFECTIVE Ziq OF AMPLIFIER OR WHEN ONE SIDE IS ACTIVE WITH ONE COMPRESSED 
STAGE IS = 1MQ. IF R2-R5 ARE CHANGED, AND ONE TENSIONED LEG. 
SET R6=R3. TOFFSET AND DRIFT OF LM301A ARE VIRTUALLY 


ELIMINATED BY DIFFERENTIAL CONNECTION OF LT1012C. 
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LT1031/LHOO70 


APPLICATION CIRCUITS 


Ultra Linear Platinum Temperature Sensor* 


Vour=toomv/c 
50°C <T = 150°C 


~ 15V 


tSTANDARD INDUSTRIAL 1009 PLATINUM 4-WIRE SENSOR, 
ROSEMOUNT 78S, OR EQUIVALENT. c¢= 0.00385 


TRIM RQ FOR Voyr=0 @ 0°C 
TRIM R12 FOR Vgyt = 10V @ 100°C 
TRIM R14 FOR Voyt =5V @ 50°C 
USE TRIM SEQUENCE AS SHOWN. TRIMS ARE NON-INTERACTIVE 
SO THAT ONLY ONE TRIM SEQUENCE IS NORMALLY REQUIRED. 
*FEEDBACK LINEARIZES OUTPUT TO +-0.005°C FROM 
—50°C 10 + 150°C 
**“WIREWOUND RESISTORS WITH LOW TC 


2-Pole Low Pass Filtered Reference 


MYLAR 
pF 


© +Vrer 
Vin 


f= t0Hz TOTAL NOISE 
<2yVrms 


1Hz <f-s 10kHZ 


© —Vrer 
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LT1031/LHO070 
ee 


APPLICATION CIRCUITS 


Negative Shunt Reference Driven 
by Current Source 


~10V (ILoap<s 1mA) 


—ttV¥ TO —40V 


Precision DAC Reference with System TC Trim 


+15V 


50k 
TC TRIM* 


10k 
1% 


*TRIMS 1mA REFERENCE CURRENT 
TC BY + 40ppm/°C. THIS TRIM 
SCHEME HAS VERY LITTLE EFFECT ON ROOM 
TEMPERATURE CURRENT TO MINIMIZE ITERATIVE 
TRIMMING. 
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LT1031/LHO070 


EQUIVALENT SCHEMATIC 


PACKAGE DESCRIPTION 10-5 


0.350 —0.370 
(8.890 —9.398) 
DIA 


0.305 —0.335 


0.165 —0.195 (7.747 — 8.509) 


(4.191 —4.953) 


.500 
(1270) 
MIN 0.016 -0.019 
Y (0.406 —0.483) 
DIA 


0,026 —0.045 
(0.660— 1.143) 

100 

0.028 —0.034 2.540) 


(0.711 yA 


LHO070 150°C/W 45°C/W 


{710316 85°C. 150°C/W 45°C /W 
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FEATURES 


= Guaranteed 20 ppmi°C Drift 
# 4.2V 1% Initial Tolerance 

@ 20zA to 20mA Operation 

= 10 Dynamic Impedance 

= 7V, 100uA Reference 


APPLICATIONS 


= Portable Meters 
® Precision Regulators 
® Calibrators 


15V 


7V OUTPUT =| 


The L710 one be us 
sea LM385 ao 
ure drift is 


LT1034-12/LT1034-2.5 
Micropower Dual Reference 


DESCRIPTION 


The LT1034 is a micropower, precision 1.2V/2.5V reference 
combined with a 7V auxiliary reference. The 1.2V/2.5V 
reference is a trimmed, thin-film, band-gap voltage refer- 
ence with 1% initial tolerance and guaranteed 20ppm/°C 
temperature drift. Operating on only 20pA, the LT1034 of. 
fers guaranteed drift, low temperature cycling hysteresis 
and good long term stability. The low dynamic impedance 
makes the LT1034 easy to use from u egulated supplies. 
The 7V reference is a “ck levice for less de- 
manding applicant 


\ eit performance 
guaranteed tem- 


Temperature Drift LT1034C-1.2 


REVERSE VOLTAGE CHANGE(mV) 


75 «100 «125 


“50-25 0 2 50 
TEMPERATURE(°C} 


Wien 
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LT1034-12/LT1034-2.5 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Operating Current...........cccccccceccceceseuaees 20mA 
Forward Current (Note 1) .........cccccccseseeeeees 20mA | _ ORDER PART NUMBER 
Operating Temperature Range LT1034BMH 
-1.2, LT1034MH-1.2 
LITOMEM, Misssssessecvecstsweeeeuee - 55°C to 125°C LT1034BCH-1.2, LT1034CH-1.2 
LTI034BC, C........ccceceeeceeeeneaeee eas 0°C to 70°C <\ LT1034BMH-2.5, LT1034MH-2.5 
Storage Temperature ...........:0.0000e - 65°C to 150°C LT1034BCH-2.5, LT1034CH-2.5 
Lead Temperature (Soldering, 10 sec.).............. 300°C Seer ICA call 
BOTTOM VIEW 
LT1034BC7.1.2 
LT10340Z-1.2 
LT1034BCZ-2.5 
LT1034CZ.2.5 
Z PACKAGE 
10-92 PLASTIC 
BOTTOM VIEW | 
Available in SO Package 
ELECTRICAL CHARACTERISTICS 
eae LT1034C-1.2 LT1094€-2.5 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS 
Reverse Breakdown Voltage Ip=100pA 1.210 1.225 1.240 246 25 254 7] 
1,205 1.225 1.245 | 2430 25° 257) | Vv 
Reverse Breakdown Change Note 3 05 20 1 3 mV 
with Current 1.0 4.0 15° 6 mV 
2mAsips20mA 4 8.0 6 16 mV 
6.0 15.00 | 1020 ci es mV 
Minimum Operating Current 10 2 | 15 30 uA 
Temperature Coefficient Ip= 100A 20 40 ae 20. = 40 ppmi°C 
Reverse Dynamic Impedance (Note 2) 02 10 05 «15 Q 
050 20 _| 1 25 0 
Low Frequency Noise In= 100pA, 0.1Hz<F <10Hz 4 6 uVp-p 
Long Term Stability Ip= 100nA, T = 26°C 25°C | 20 i 20 24 ppmivkhrs 


Reverse Breakdown Change 100pAsIR<1mA 


with Current 100A sIR<1mA 
1mAsIR<20mA mV 
1mAsIR<20mA mV 
Temperature Coefficient 


Long Term Stability 


The @ denotes specifications that apply over the operating temperature Note 2: This parameter guaranteed by “reverse breakdown change with 
range. current” test. 

Note 1: Forward biasing either diode will affect the operation of the other Note 3: For the LT1034C-1.2, 20uA<I_<2mA. For the LT1034C-2.5, 
diode. 30pA <n s2mA. 
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LT1034-1.2/LT1034-2.5 


TYPICAL PERFORMANCE CHARACTERISTICS 


Reverse Voltage Change 1.2V Reverse Voltage Change 7V 0.1Hz to 10Hz Noise 1.2V 
0.4 7 
pet ll spake 
> S 0.3 
E iy s 3 a 
2 = s [| 
= = = 2 ; 
3 ve 0.2 pp = 4 it 
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LT1034-1.2/LT1034-2.5 


TYPICAL PERFORMANCE CHARACTERISTICS 
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SCHEMATIC DIAGRAM 


PACKAGE DESCRIPT TON Dimensions in inches (millimeters) unless otherwise noted. 


H Package Metal Can Z Package Plastic 
0.200 9.180 0.005 
0,360~0.370 x 8.06020: Saree) 9.060 «0.010 
a rau 0.030, {1.526 .20.254) 
DA (2.286) 
0.165—0.185 = ry °. NOM 
(@et= 470), 270 G52 20.127} 
tax SEATING i j 
0.029 ~0.045 7 PLANE ae | (a 0.140 20.005 
— (O77 4.44) . 5° 10°NOM. (3.5562.0.127) 
0,028 — 0.094 218. F ea i 
a (0.711 —0.864) sas MAX 
(12.70) CONTROLLED 
4 { 0.016-0.01 LEAD DIA 


Sanat xR l 0.020 +. 0.003 
WAS LEADS . 4)" (0.508 0.076) AM. 0.015 «0.002 
ee tC 0.016 «0.003 (0.361 + 0.051) aa 
0.059 + 0.005 | Be asta as 
Y Tpmax Op 6¢ (1.27020.127) Tax | Oa 
150°C | 440°C/W | 80°C/W 100°€ | 160°C/W 
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LT1034C$8-1.2 
y Ll Ln NEAR LT1034CS8-2.5 


TECHNOLOGY Micropower Dual Reference 


FEATURES DESCRIPTION 

= Guaranteed 40 ppm/°C Drift The LT1034 is a micropower, precision 1.2V/2.5V reference 
™ 20uA to 20mA Operation (1.2V) combined with a 7V auxiliary reference. The 1.2V/2.5V 
= 10 Dynamic Impedance reference is a trimmed, thin-film, band-gap voltage refer- 
= 7V, 100A Reference ence with 1% initial tolerance and guaranteed 20ppm/°C 


temperature drift. Operating on only 20yA, the T1034 of- 
fers guaranteed drift, low temperature cycling hysteresis 
and good long term stability. The low dynamic impedance 
APPLICATIONS makes the LT1034 easy to use from unregulated! supplies. 


The 7V reference is a subsurface device ite less de- 
mw Portable Meters wt? 
® Precision Regulators manding eat 


® Calibrators hs 171034 § gn as @ high performance Em 
¥ orl prion guaranteed tem- 
Ve re drift i 0 Me 


Temperature Drift 
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LT1034CS8-1.2 


LT1034CS8-2.5 

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 
Operating Current............cccccceeeeceeeeeeceee 20mA 

Forward Current (Note 1)..........c0cceeeeeceeeees 20mA sud ies 
Operating Temperature Range ............... 0°C to 70°C 

Storage Temperature..............00066 - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.)............. 300°C LT10340S8-1.2 


LT1034CS8-2.5 


PART MARKING 


$8 PACKAGE 
PLASTIC SO 3401 (1.2V VERSION) 
3402 (2.5V VERSION) 


ELECTRICAL CHARACTERISTICS 


LT1034CS8-1.2 LT1034CS8-2.5 


PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Reverse Breakdown Voltage \p= 100pA 25°C 4.210 1.225 1.240 2.46 25 2.54 v 

e 1.205 1.225 1.245 2.43 25 257 V 

Reverse Breakdown Change Note3 25°C 05 20 1 3 mV 

with Current e 1.0 40 156 6 mV 

2mA<Ips20mA 25°C 4 8.0 6 16 mV 

e 60 15.0 ee!) mV 

Minimum Operating Current ee eee ee ee A 

Temperature Coefficient p= 100pA fT e@ | wa 0 | 2 40 ppmieC 

Reverse Dynamic Impedance (Note 2) Ip = 100pA 25°C 025 1.0 05 15 a 

e 050 20 1 2.5 2 

Low Frequency Noise In=10A,0tHz<FstoHz | @ [4 [| 6M 

Long Term Stability In= 100hA, T= 25°C Pc fT mpi 
ELECTRICAL CHARACTERISTICS 7 Reteronce 


PARAMETER 
Reverse Breakdown Voltage 


Ip=100¢A 25°C 6.8 70 7.3 
e 6.75 7.0 74 


Reverse Breakdown Change 100pA <I_psimA 
with Current 100pA<lgpstmA 
1mAs|p<20mA 25°C mV 
imA<|ps20mA e 
Temperature Coefficient ta= 100,A | 2° | 
Long Term Stability Ip= 100gA ppmivkhrs 
The @ denotes specifications that apply over the operating temperature Note 2: This parameter guaranteed by “reverse breakdown change with 
range. current” test. 
Note 1: Forward biasing either diode will affect the operation of the other Note $: For the LT1034CS8-1.2, 20,4 <\q<2mA. For the LT1034088-2.5, 
diode. 304A <Ips2mA. 
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LIN LM129/LM329 
TECHNOLOGY 6.9V Precision 


Voltage Reference 


FEATURES DESCRIPTION 

= Guaranteed 10 ppm/°C temperature coefficient The LM129 temperature compensated 6.9 Volt zener 
= Guaranteed 1.09 max. dynamic impedance references provide excellent stability over time and 
= Guaranteed 20uV max. wideband noise temperature, very low dynamic impedance and a wide 
= Wide operating current range 0.6mA to 15mA operating current range. The device achieves low dy- 


namic impedance by incorporating a high gain shunt 
regulator around the zener. The excellent noise perfor- 
mance of the device is achieved by using a “buried 


APPLICATIONS zener” design which eliminates surface noise phe- 

nomenon associated with ordinary zeners. To serve a 
= Transducers wide variety of applications, the LM129 is available in 
« A/D and D/A Converters several temperature coefficient grades and two pack- 
« Calibration Standards age styles. A 20mA positive current source applica- 
= Instrumentation Reference tion is shown below. 


20mA Positive Current Source Reverse Voltage Change 


REVERSE VOLTAGE CHANGE (mV} 


REVERSE CURRENT (mA) 
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LM129/LM329 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Reverse Breakdown Current............... 30mA BOTTOM VIEW 

Forward Current.............0......0000- 2mA LM 129AH LMS20AH 

Operating Temperature Range LM129BH LM329BH 
ee Be isis een Rie osele Piene noters —55°C to 125°C LM129CH LM329CH 

BOO oilers Ste gs anent ineeiersdabes 0°C to 70°C 

Storage Temperature Range TO-A6 MEAL CAN ae 
EMA29 nos oeties Pts eos —65°C to 150°C BOTTOM VIEW LM329AZ 
M3295 5 oes eaters bce drles —65°C to 150°C LM329BZ 

L i 4 enna ° 

ead Temperature (Soldering, 10 sec.) 300°C LM32902 


TOS2 PLASTIC LM3290Z 


ELECTRICAL CHARACTERISTICS (See Note 1) 


LM129A,B,C LM329A,B,C.D 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vz Reverse Breakdown Voltage Ta = 25°C 
0.6mA <I, < 15mA 67 69 7.2 | 66 69 7.25 Vv 
AVz Reverse Breakdown Voltage Change | 
Ala with Current Ta = 25°C 
{0.6mA < In < 15mA | ] 14 9 20 mv 
AVz Reverse Breakdown Voltage Change 
Alp with Current ImA < Ip < 15mA e 12 12 mV 
Temperature Coefficient Ip = mA 
AV. LM129A/LM329A e 6 10 6 10 ppm/°C 
salen Tas LM129B/LM329B e 1 20 15 20 ppm/°C 
P LM 129C/LM329C e 30 50 30-50 ppm/°C 
| M3290 e 50 100 ppm/°c 
lenanpe in Temperature Coefficient 1mA < |p < 15mA e 1 1 ppm/°C 
tz Dynamic impedance (Note 2} IT = 25°C, Ip = ImA(10Hz<f<100Hz) 06 1 08 2 Q 
tz Dynamic Impedance (Note 2} AMA < Ip < 15MA(10H2<f<100H2} e 08 1 2 
it een feet SOesciLlei Re t siee —_|-;—— 
ey RMS Noise Ta = 28°C, 
10Hz < f < 10kHz 7 20 7 100 uV 
AVz Long Term Stability Ta = 45°C + 0.1°C 
A Time tg = IMA + 0.3% 20 20 ppm/kHr 


The @ denotes the specifications which apply over full operating 
temperature range. 

Note 1: These specifications apply over the full operating 
temperature range unless otherwise noted. To determine the junction 
temperature as a function of the ambient temperature, see @,, for 
each package. 

Note 2: Dynamic impedance guaranteed by “Reverse Breakdown Voltage 
Change with Current”. 
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LM129/LM329 


TYPICAL APPLICATIONS 


Common Reference Buffered Reference Using a Single Supply Precision Clamp 
9V TO 40V 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Reverse Characteristics Dynamic Impedance Response Time 
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LM129/LM329 


SCHEMATIC DIAGRAM 


PACKAGE DESCRIPTION 


H Package, 2 Lead TO-46 Meta! Can 


0.209 --0.219 


(6.309-5.537) 
iL 0.178-0.195 
(4.521 — 4.953) 
0.080 —-0.100 
0.015 (2.032=2 540) 
0.500 (0.381) 
(12.70) MAX 
MIN 


0.016—0.019 7 MAX 


(0.406 — 0.483) 
OWA 


0.050 0.100 
(1.270) (2.540) 0,050 
TYP (1.270) 
Tye 
0.036 — 0.046 0.028—0.048 


(0.711—1.219) 


j0.914— 1.168) Ke 


Z Package, 3 Lead TO-92 Plastic 


0.175 ~ 0.185 5°NOM 
(4.445 — 4.699) 
ry 
0.175—0.185 
(4.445 — 4.699) 
SEATING ey 
PLANE | | | 
5° 
0.500 0.050 
IM 
(12.70) m 


5 11.270) 
ef MAX 
UNCONTROLLED 
ee DIA 


|__ 9.018 Pal 0.015, 
nen (0.381} 
0.045—0.055. TYP 
(703 =1.397} 
0.045 — 0.055 
=a 143 — 1.387} 


0.135 —0.145 


(3.429—3.683) 
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FEATURES 


w 1A to 10mA Operation 

= 0.02%/V Regulation 

» 0.8V to 40V Operating Voltage 

» Can be Used as Linear Temperature Sensor 
= Draws No Reverse Current 

= Supplied in Standard Transistor Packages 


APPLICATIONS 


® Current Mode Temperature Sensing 

= Constant Current Source for Shunt References 
# Cold Junction Compensation 

= Constant-Gain Bias for Bipolar Differential Stage 
= Micropower Bias Networks 

® Buffer for Photoconductive Cell 

= Current Limiter 


LM134 Series 


Constant Current Source 
and Temperature Sensor 


DESCRIPTION 


The LM134 is a three-terminal current source designed to 
operate at current levels from 1A to 10mA, as set by an 
external resistor. The device operates as a true two- 
terminal current source, requiring no extra power con- 
nections or input signals. Regulation is typically 
0.02%/V and terminal-to-terminal voltage can range 
from 800mvV to 40V. 


Because the operating current is directly proportional to 
absolute temperature in degrees Kelvin, the device will 
also find wide applications as a temperature sensor. The 
temperature dependence of the operating current is 
+0.336%/°C at room temperature. For example, a 
device operating at 298,A will have a temperature coeffi- 
cient of + 1pA/°C. The temperature dependence is ex- 
tremely accurate and repeatable. Devices specified as 
temperature sensors in the 100,A to 1mA range are the 
LM134-3, LM234-3 and the LM134-6, LM234-6, with 
the dash numbers indicating +3°C and +6°C ac- 
curacies, respectively. 


lf a zero temperature coefficient current source is re- 
quired, this is easily achieved by adding a diode and a 
resistor. 


Remote Temperature Sensor 
with Voltage Output 


+Vin2 SV 


10mV/°K 


Operating Current vs 
Temperature 


TEMPERATURE (°K) 
TEMPERATURE (°C) 
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LM134 Series 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


V+ to V~ Forward Voltage 


LM134 40v ORDER PART NUMBER 
LM134-3/LM134-6/LM234-3/ CURRENT TEMP 
LM234-6/LM334.................000005 30V SOURCE SENSOR 
V+ toV~ Reverse Voltage ..............0... 20V 
RPintoV~ Voltage........... 0.0. e eee eae 5V eee, 
Set Current: .si..2 vag. view vaaeenne eae cases 10mA v+ LM134H | LM134H-3 
Power Dissipation ...................0.. 200mW i v LM334H LM234H-3 
Operating Temperature Range LM134H-6 
LM134/LM134-3/LM134-6 .... —55°C to 125°C LM234H-6 
LM234-3/LM234-6 ........... — 25°C to 100°C H PACKAGE 
MB OA rr asircie es acct tatetrsaiunde tn 0°C to 70°C —_—— 
Lead Temperature (Soldering, 10 sec.)........ 300°C ottoia View 


—— LM334Z | LM234Z-3 
id] 7 LM2347-6 


Z PACKAGE 
10-92 PLASTIC 


ELECTRICAL CHARACTERISTICS current source (Note 1) 


ULM134 LM334 

SYMBOL PARAMETER CONDITIONS MIN TYP max | MIN TYP MAX UNITS 
Alger Set Current Error, V+ =2.5V 10pA <Iceps 1MA % 
(Note 2) 1mA <I g¢7<5MA % 
QuA <\ SET < 10nA % 

Ratio of Set Current to 10pA <loep 3 1MA 

V~ Current 1mA <Ige7 = SMA 

2pA <1 SeT= 10pA 
Vin Minimum Operating Voltage 2pA Slger ss 100pA Vv 
100pA <ige = 1mA Vv 
1MA <Ige7 = SMA v 
Alger Average Change in Set Current 1.5V<sVt <5V %IN 

AVin with Input Voltage 2pA Sloep ss IMA 
SV <V+ <Vmax (Note 4) ”IN 
1.5V<V<5V *IN 

1MA <\gep<5mA 
5V <V <Vmax (Note 4) IN 

Temperature Dependence of 25pA Sl geqps IMA 

Set Current (Note 3) 

Cs Effective Shunt Capacitance pF 
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ELECTRICAL CHARACTERISTICS temperature SENSOR (Note 1) 


LM134-3, LM234-3 LM134-6, LM234-6 


SYMBOL | PARAMETER CONDITIONS TYP MAX UNITS 
Alset Set Current Error, V+ =2.5V 100pA <Igeq s 1MA +2 % 
(Note 2) Tj=25°C 
Equivalent Temperature Error °C 


Ratio of Set Current to 
V7~ Current 


Minimum Operating Voltage 


100pA <Igeq = 1MA 


100pA <Igeqs IMA 


Alser Average Change in Set Current 1.5V <Vt <5V IN 
AVN with Input Voltage 100pA < Icey 3 1MA 
5V-<Vt <30V %/V 
Temperature Dependence of 100pA <Iseq << IMA 1,02T| 0.97T 
Set Current (Note 3) 
Equivalent Slope Error % 
Cs Effective Shunt Capacitance pF 
Note 1: Unless otherwise specified, tests are performed at Tj = 25°C Note 3: Icey is directly proportional to absolute temperature (°K). Iger at 
with pulse testing so that junction temperature does not change during any temperature can be calculated from: Iger=lo (T/To) where Ip is Isey 
test. measured at Ty (°K). 
Note 2: Set current is the current flowing into the V* pin. tt is deter- Note 4: Vyyax =40V for LM134 and 30V for other grades. 


mined by the following formula: Ig¢er=67.7MV/R ger (@25°C). Set cur- 
rent error is expressed as a percent deviation from this amount. Iser 
increases at 0.336% / °C@T,=25°C. 


ss. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


IMPEDANCE (0) 


Alger (%) 


Maximum Slew Rate for 
Output Impedance Linear Operation 


10 100 1k 10k 
FREQUENCY (Hz) \ser 
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46 
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Operating Current vs 
Temperature 
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APPLICATIONS INFORMATION 


Basic Theory of Operation 


The equivalent circuit of the LM134 is shown in Figure 1. 
A reference voltage of 64mV is applied to the minus input 
ot A1 with respect to the V~ pin. A1 serves the drive to 
Q2 to keep the R pin at 64mV, independent of the value of 
Ret. Transistor Q1 is matched to Q2 at a 17:1 ratio so 
that the current flowing out of the V— pin is always 1/18 
of the total current into the V+ pin. This total current is 
called Iset and is equal to 


64mv\ /18\ _67.7mV_ 
RSET 17 RSet 


Figure 1 


The 67.7mV equivalent reference voltage is directly pro- 
portional to absolute temperature in degrees Kelvin (see 
curve, ‘‘Operating Current vs Temperature’). This 
means that the reference voltage can be plotted as a 
straight line going from OmV at absolute zero temperature 
to 67.7mV at 298°K (25°C). The slope of this line is 
67.7MV/ 298 = 227pV/°C. 


The accuracy of the device is specified as a percent error 
at room temperature, or in the case of the -3 and -6 de- 
vices, as both a percent error and an equivalent tempera- 
ture error. The LM134 operating current changes at a 
percent rate equal to (100) (227pV/°C)/(67.7mV) = 
0.336% /°C at 25°C, soeach 1% operating current error 
is equivalent to ~ 3°C temperature error when the device 
is used aS a temperature sensor. The slope accuracy 
(temperature coefficient) of the LM134 is expressed as a 


ratio compared to unity. The LM134-3, for instance, is 
specified at 0.98T to 1.02T, indicating that the maximum 
slope error of the device is + 2% when the room temper- 
ature current is set to the exact desired value. 


Supply Voltage Stew Rate 


At slew rates above a given threshold (see curve), the 
LM134 may exhibit non-linear current shifts. The slewing 
rate at which this occurs is directly proportional to Iser. At 
Iser =10pA, maximum dv/dt is 0.01V/ys, at lser = 1 mA, 
the limit is 1V/s. Slew rates above the limit do not harm the 
LM134, or cause large currents to flow. 


Thermal Effects 


Internal heating can have a significant effect on current 
regulation for Iset greater than 100zA. For example, 
each 1V increase across the LM134 at Iset = 1mA will in- 
crease junction temperature by ~0.4°C in still air. Out- 
put current (iser) has a temperature coefficient of 
= 0.33%/°C, so the change in current due to tempera- 
ture rise will be (0.4) (0.33) =0.132%. This is a 10:1 
degradation in regulation compared to true electrical ef- 
fects. Thermal effects, therefore, must be taken into ac- 
count when DC regulation is critical and Iser exceeds 
100pA. Heat sinking of the TO-46 package or the TO-92 
leads can reduce this effect by more than.3:1. 


Shunt Capacitance 


In certain applications, the 15pF shunt capacitance of the 
LM134 may have to be reduced, either because of loading 
problems or because it limits the AC output impedance of 
the current source. This can be easily accomplished by buf- 
fering the LM134 with an FET, as shown in the applications. 
This can reduce capacitance to less than 3pF and improve 
regulation by at least an order of magnitude. DC characteris- 
tics (with the exception of minimum input voltage) are not 
affected. 


7 Wen 
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APPLICATIONS INFORMATION 


Current noise generated by the LM134 is approximately 4 
times the shot noise of a transistor. If the LM134 is used 
as an active load for a transistor amplifier, input referred 
noise will be increased by about 12dB. In many cases, 
this is acceptable and a single stage amplifier can be built 
with a voltage gain exceeding 2000. 


Lead Resistance 


The sense voltage which determines the operating cur- 
rent of the LM134 is less than 100mV. At this level, 
thermocouple or lead resistance effects should be 
minimized by locating the current setting resistor 
physically close to the device. Sockets should be avoided 
if possible. It takes only 0.70 contact resistance to 
reduce output current by 1% at the 1mA level. 


Start-Up Time 


The LM134 is designed to operate at currents as low as 
1pA. This requires that internal biasing current be well 
below that level because the device achieves its wide 
operating current range by using part of the operating 
current as bias current for the internal circuitry. To ensure 
Start-up, however, a fixed trickle current must be pro- 
vided internally. This is typically in the range of 
20nA-200nA and is provided by the special ultra-low 
ipss FETs shown in the Schematic Diagram as Q7 and 
Q8. The start-up time of the LM134 is determined by the 
Ipss of these FETs and the capacitor C1. This capacitor 
must charge to approximately 500mvV before Q3 turns on 
to start normal circuit operation. This takes as long as 
(500mV) (50pF)/(20nA) =1.25ms for very low Ipss 
values. 


Using the LM134 as a Temperature Sensor 


Because it has a highly linear output characteristic, the 
LM134 makes a good temperature sensor. It is particu- 
larly useful in remote sensing applications because itis a 
current output device and is therefore not affected by long 
wire runs. It is easy to calibrate, has good long term 
Stability, and can be interfaced directly with most data ac- 
quisition systems, eliminating the expensive preampli- 
fiers required for thermocouples and platinum sensors. 


A typical temperature sensor application is shown in 
Figure 2. The LM134 operating current at 25°C is set at 
298,A by the 2260 resistor, giving an output of 1pA/°K. 
The current flows through the twisted pair sensor leads to 
the 10kQ termination resistor, which converts the current 
output to a voltage of 10mV/°K referred to ground. The 
voltage across the 10kQ resistor will be 2.98V at 25°C, 
with a slope of 10mV/°C. The simplest way to convert 
this signal to a Centigrade scale is to subtract a constant 
2.73V in software. Alternately, a hardware conversion 
can be used, as shown in Figure 3, usingan LT1009 asa 
level shifter to offset the output to a Centigrade scale. 


The resistor (RseT) used to set the operating current of the 
LM134 in temperature sensing applications should have 
low temperature coefficient and good long term stability. 


Vgz 5V 


TO 
OATA ACQUISITION 
SYSTEM 


10mv/°K 9.53k 


1k 
CALIBRATE 


OUTPUT 
yomv/°C 


Figure 3. Centigrade Temperature Sensor 
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APPLICATIONS INFORMATION 


30ppm/°C drift in the resistor will change the slope of the 
temperature sensor by 1%, assuming that the resistor is at 
the same temperature as the sensor, which is usually the 
case since the resistor should be located physically close to 
the M134 to prevent errors due to wire resistance. A long 
term shift of 0.3% in the resistor will create a 1°C 
temperature error. The long term drift of the LM134 is 
typically much better than this, so stable resistors must be 
used-for best long term performance. 


Calibration of the LM134 as a temperature sensor is ex- 
tremely easy. Referring to Figure 2, calibration is achieved 
by trimming the termination resistor. This theoretically trims 
both zero and slope simultaneously for Centigrade and 
Fahrenheit applications. The initial errors in the LM134 are 
directly proportional to absolute temperature, just like the 
actual output. This allows the sensor to be trimmed at any 
temperature and have the slope error be corrected at the 
same time. Residual slope error is typically less than 1% 
after this single trim is completed. 


“LOW TC, STABLE RESISTOR 


The two trims shown in Figure 3 are still intended to be a 
‘one point’’ temperature calibration, where the zero and 
the slope are trimmed at a single temperature. The 
LT1009 reference is adjusted to give 2.700V at node ‘‘a’’ 
at Tsensor = 25°C. The 1k trimmer then adjusts the out- 
put for 0.25V, completing the calibration. If the calibra- 
tion is to be done at a temperature other than 25°C, trim 
the LT1009 for 2.7025 — (1nA)[Tsensor (°C)](1009) at 
node ‘‘a’’, then adjust the 1k trimmer for proper output. 


If higher accuracy is required, a two point calibration 
technique can be used. In Figure 4, separate zero and 
slope trims are provided. Residual non-linearity is now 
the limitation on accuracy. Non-linearity of the LM134 ina 
100°C span is typically less than 0.5°C. This particular 
method of trimming has the advantage that the slope trim 
does not interact with the zero trim. Trim procedure is to 
adjust for zero output with Tsenson=0°C, then trim 
slope for proper output at some convenient second 
temperature. No further trimming is required. 


V+2e5V 


OUTPUT 
10mv/°C 


Figure 4. Centigrade Temperature Sensor with 2 Point Trim 


LT We 
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LM134 Series 


TYPICAL APPLICATIONS 


Basic 2-Terminal Current Source 


+My 
V+ 
| R 
Vser 
LM334 Reser 
Vin 


Zero Temperature Coefficient Current Source 


—ViN 


“SELECT RATIO OF R1 TO Rgcz TO OBTAIN 
ZERO DRIFT. | + =2 Iser. 


Low Output Impedance 
Thermometer (Kelvin Output) 


Vin& 4.8V 


Vour= 10mv/°K 
Zours 1008 


LM334 


“QUTPUT IMPEDANCE OF THE LM134 AT THE “'R’’ PIN IS 


—R 
APPROXIMATELY ere. WHERE Ro IS THE EQUIVALENT 


EXTERNAL RESISTANCE CONNECTED TO THE V — PIN. THIS 
NEGATIVE RESISTANCE CAN BE REDUCED BY A FACTOR OF 5 OR 
MORE BY INSERTING AN EQUIVALENT RESISTOR IN SERIES 
WITH THE OUTPUT. 


Higher Output Current 


+Vin 


2N2905 


LM334 Rger 


-ViN 


“SELECT R1 AND C1 FOR OPTIMUM STABILITY 
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LM134 Series 


TYPICAL APPLICATIONS 


Low Output Impedance 
Thermometer Low Input Voltage Reference Driver 


+Vin= Vrer + 200mV: 


Vour=Vz+ 64mv@25°C 
lour-s3mA 


Vout = 10mV/°K 
unis 171009 


LM334 


Micropower Bias 


1N457** 


LM134** FV+ R1* 
= 6k 


1% 


R2* 
680 
1% 


~Vw 


*SELECT RATIO OF R1 TO R2 FOR ZERO TEMPERATURE DRIFT 
**LM134 AND DIODE SHOULD BE ISOTHERMAL 


Zener Biasing 
+Vn 
v+ . 
R 
LM334 Rser 
Vout 
Vz 
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LM134 Series 


TYPICAL APPLICATIONS 


Alternate Trimming Technique 


LM334 1.5 


Reset 
Ri* 


-ViN 


*FOR + 10% ADJUSTMENT, SELECT Rset 
10% HIGH AND MAKE R1 = 3R ser 


Precision 10nA Current Source 


BUFFERED 
VOLTAGE 
OUTPUT 


200pF 


ip=10nA 
Zo= 10122 


COMPLIANCE = —14V TO +12.5V 


LM334 


Buffer for Photoconductive Cell 


& 


High Precision Low TC Current Source 


|!ser= 50a 
yt 


L11004-1.2 
(1.235V) 


“i geT= 1.37V 449, 
seT= yA 


IgeT TC =0.016%/°C +33nA/°C 
REGULATION = 0.001% /V 


Micropower 5V Reference 


Vin=6.5V TO 15V 
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TYPICAL APPLICATIONS 


FET Cascoding for Low Capacitance and/or 


Ultra High Output Impedance 


+Vin 


—VIN 


*SELECT Q1 OR Q2 TO ENSURE AT LEAST 1V ACROSS THE LM134. Vp (1 —Iset/Ipss)= 1.2V. 


Generating Negative Output Impedance 


+Vin 


*Zqyr= — 16 # Ri (Rt/Viy MUST NOT EXCEED I ser). 


SCHEMATIC DIAGRAM 


LM134 Series 


In-Line Current Limiter 


OP AMP 


*USE MINIMUM VALUE REQUIRED TO ENSURE STABILITY OF PROTECTED 
DEVICE. THIS MINIMIZES INRUSH CURRENT TO A DIRECT SHORT. 


Ground Referred Fahrenheit Thermometer 


+Viy2=3V 


R4 
58k 
Poe. 


Voyr=10mV/2F 
40°F 37 =250°F 
A | 
Y_ 


LM334 


**SELECT FOR 1.2mA 


LOWER 


= = “SELECT R3=Vpep/ S83nA. 


LM134 Series 


PACKAGE DESCRIPTION 


H Package 
Metal Can 
0.209-0.219 
{5.300—5.503) 
| 0.178 —0.195 
r : (4.521 ~ 4.953) 
1.085 — 0.105. 
SEATING =~ [159-2667 
PLANE aase 
00. (12,700) 
MIN 
0.016—0.019 0.030 
(0.406 — ar en (0.762) 
DIA MAX 
0.100 
7 (2.540) 
(i. 
0.036 —0.046 0.028—0,048 


(0.711 -—1.219) 


(0.914-7. may 
Tymax ja 8c 
150°C {| 440°c/w | s0cc/w 


Z Package 
Plastic 
O.175—0.185_ 5°NOM 
| <1 (4.445 — 4.699) 
0,175 — 0.185 0.065 
(4445-4699) (1.651) 
SEATING OIA en: 
PLANE iam | t 
0.500 0.090 0.025 wom 
(12.70) (2.286) (0.635) 
‘ NOM MAX 
UNCONTROLLED 
LEAD DIA 


(0.457) (0.3683 — 0.3937) 
TYP 
BEFORE LEAD 
FINISH 


0.045 — 0.055 
(1.443—=1.397) 397) 


weae_| Co oo, ||_ nots—noes 


0.045 —0.055 
0.090 {1.143 — 1.397) 
(2.286) 


R 
NOM 


0.135—0.145 


‘hou (3.429—3.683) 


10°NOM 


Tynax Oa 
100°C =| 160°C/W 
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FEATURES 


m 4zA to 10mA Operation 

= 0.02%/V Regulation 

= (.8V to 30V Operating Voltage 

= Can Be Used as Linear Temperature Sensor 
= Draws No Reverse Current 


APPLICATIONS 


= Current Mode Temperature Sensing 

= Constant Current Source for Shunt References 

® Cold Junction Compensation 

® Constant-Gain Bias for Bipolar Differential Stage 
™ Micropower Bias Networks 

= Buffer for Photoconductive Cell 

= Current Limiter 


LM334S8 


Constant Current Source 
and Temperature Sensor 


DESCRIPTION 


The LM334 is a three-terminal current source designed to 
operate at current levels from 1pA to 10mA, as set by an 
external resistor. The device operates as a true two- 
terminal current source, requiring no extra power connec- 
tions or input signals. Regulation is typically 0.02%/V and 
terminal-to-terminal voltage can range from 800mvV to 30V. 


Because the operating current is directly proportional to 
absolute temperature in degrees Kelvin, the device will 
also find wide applications as a temperature sensor. The 
temperature dependence of the operating current is 
+0.336%/°C at room temperature. For example, a device 
operating at 298A will have a temperature coefficient of 
+ 1pAl°C. The temperature dependence is extremely accu- 
rate and repeatable. 


If a zero temperature coefficient current source is 
required, this is easily achieved by adding a diode and a 
resistor. 


Remote Temperature Sensor 
with Voltage Output 


+Vinz5V 


Operating Current vs 
Temperature 


TEMPERATURE (°K) 
TEMPERATURE (°C) 


LM334S8 


ABSOLUTE MAXIMUM RATINGS 


V+ toV~ Forward Voltage..........ccceceseseeeeaees 30V ORDER 
V+ toV~ Reverse Voltage........c.sccecaseeeeeeeees 20V PART NUMBER ] 
RPintoV~ Voltage ...........ccccecseseeceaeeeeaeas 5V foo auger) = 7 
Set Current 0.0.0... .ccccceccceseceeeceaeeseaeuees 10mA LM334S8 
Power Dissipation..........ccccccccceeeeeeeaens 200mW 
Operating Temperature Range .............. 0°C to 70°C 
Lead Temperature (Soldering, 1 )ixigeiagcetec e 
perature ieoldering; 10's8e) ae PART MARKING 
$8 PACKAGE 
PLASTIC SO 334 


ELECTRICAL CHARACTERISTICS current source ote 1) 


—— 


LM334 
SYMBOL PARAMETER | CONDITIONS MIN TYP MAX UNITS 
Alger Set Current Error, V* =2.5V 10pA <|geqp<1mA 6 % 
(Note 2) mA <Igg7<5mA 8 % 
2pA slget<10¢A 12 = % 
Ratio of Set Current to | 10pASlgers mA 14 18 26 
V™ Current 1mA<slgep<5mA 14 
2pA <iget <10¢A 18 26 —_ 
Vein Minimum Operating Voltage QpA slye7s 100pA 0.8 7 
100pA <Igeps 1mA 09 Vv 
IMA <Igeps5mA 1.0 V 
Alger Average Change in Set Current 1.5V<Vt <5V i]s 0.02 0.1 %N 
AVin with input Voltage 2pAslgeps mA 
5V<V* <30V 0.01 0.05 %IV 
15V<V<5V 0.03 %N 
1MA<Igep-s5mA 
§V<V<30V 0.02 %N 
Temperature Dependence of i 25pA slgeps mA 0.96T T 1.04T 
Set Current (Note 3) 
Cs Effective Shunt Capacitance 15 ea pF 


Note 1: Unless otherwise specified, tests are performed at T;= 25°C with 
pulse testing so that junction temperature does not change during test. 
Note 2: Set current is the current flowing into the V* pin. It is determined 
by the following formula: Ise = 67.7mV/Reger (@25°C). Set current error is 
expressed as a percent deviation from this amount. Iggy increases at 
0.336%/°C@T; = 25°C. 


Note 3: Igcy is directly proportional to absolute temperature (°K). Igey at any 
temperature can be calculated from: Igey = Io (T/T) where lo is get meas- 
ured at To (°K). 
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LIN j \}2 LM136-2.5/LM336-2.5 
2 


TECHNOLOGY 5 Volt Reference 
FEATURES DESCRIPTION 
= Guaranteed Temperature Stability The LM136-2.5 is a general purpose shunt regulator 
= Maximum 0.62 Dynamic Impedance diode designed to operate over a wide current range 
= Adjustable for Minimum Temperature Coefficient while maintaining good stability with time and tem- 
= Wide Operating Current Range perature. The third terminal allows either the tempera- 


ture coefficient to be minimized or the reference 
voltage to be adjusted without changing the tempera- 
ture coefficient. Because it operates as a shunt regula- 
tor it can be used equally well as a positive or negative 


reference. 

APPLICATIONS The LM136-2.5 is available with initial tolerances as 

= Reference for 5V Systems low as 1% in either a TO-46 metal can for hermetic re- 

= 8 Bit A/D and D/A Reference quirements or a low cost TO-92 plastic package. 

= Digital Voltmeters 

= Current Loop Measurement and Control Systems Linear’s advanced design, test and process tech- 

= Power Supply Monitor niques have optimized the LM136-2.5 to achieve su- 
perior performance and reliability over previous 
designs. For more demanding precision reference ap- 
plications requiring very low initial tolerance and tem- 
perature coefficients, consult the LT1009 data sheet. 
A typical 2.5 Volt reference with trim is shown below. 

2.5 Volt Reference Reverse Voltage Change 
5-35 Volts 3.5 


3.0 
: ae 2.5 


QUTPUT 


REVERSE VOLTAGE CHANGE (mV) 


: 10k* 
LM336-2.5 “eta 


0 2 4 6 8 10 


* DOES NOT AFFECT 
TEMPERATURE COEFFICIENT 


REVERSE CURRENT (mA) 


IEE 
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LM136-2.5/LM336-2.5 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Reverse Current................c0c.eees 15mA BOTTOM VIEW q 
Forward Current.............. ccc cee eee 10mA rae si 
Operating Temperature Range * LM336H-2 5 
LM136-2.5..............,. —55°C to 125°C = 
LM336-2.5...0.0.0.0..0cc eee 0°C to 70°C ENSSOSH 2 2 
Storage Temperature Range H PACKAGE —TO-46 METAL CAN “SEE NOTE 1 
LM136-2.5...........000. —65°C to 150°C BOTTOM VIEW 
LM336-2.5............... —65°C to 150°C — LM336Z-2.5 
Lead Temperature (Soldering, 10 sec.)...... 300°C LM336BZ-2.5 


*SEE NOTE 1 


Z PACKAGE 70-92 PLASTIC 


ELECTRICAL CHARACTERISTICS (See Note 1) 


LM136A/LM136 LM336B/LM336 
SYMBOL OI Mae | CONDITIONS LJ TYP MAX Eh MIN TYP MAX UNITS 
Vz Reverse Breakdown Voltage Ta = 25°C, Ip = IMA 
LM136/LM336 2.440 2.490 2.540 2.390 2.490 2.590 Vv 
LM 136A/LM336B 4 2.465 2.490 2.515 2.440 2.490 | V 
AVz Reverse Breakdown Change with [ 
Alg Current 400nA < Ip < 10mA 
Ta = 25°C 26 6 26 10 mV 
4. | Trin < Ta < Tmax et 3 10 3 12 mV 
ir, Reverse Dynamic Impedance Ik = 1mA i 
Ta = 25°C 02 06 02 10 2 
|_ Trin < Ta < Tmax e 04 1 be 04 14 2 
AV. Temperature Stability Vp adjusted to 2.490V, Ip = 1mA he 
ATemp Tin < Ta < Trax 
LM 136A/LM136 e 12 18 mV 
LM336B/LM336 e 18 #6 mV 
(See Figure 1.) 
AV, Long Term Stability Ta = 25°C + 0.1°C, Ip = IMA 20 r 20 ppm/kHr 
A Time 
a Ee 
The @ denotes the specifications which apply over full operating Adjusting the LM336 for minimum temperature coefficient 
temperature range. V+ 
R Dy, Do IN4148 
Note 1: The LT 1009 is an improved, low cost, pin for pin replacement 
for the “A” and “B” versions. For further information consult the Sieg 
LT1009 data sheet. | ot : 
1 
imA 5k 
Do t 


* Adjust to 2.490 
t Any silicon signal diode 


Figure 1 
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TYPICAL PERFORMANCE CHARACTERISTICS 


LM136-2.5/LM336-2.5 


Reverse Characteristics Forward Characteristics Temperature Drift 
1.2 90 
2.570 
1.0 2.550 
= s Ss 2.530 
i; 8 ae i 2.510 
é 3 4 5 2.490 
06 iw, g 
re g wy 2.470 
oc 
Fa & 04 g 2.450 
2,430 
02 2.410 
2.390 [-I_ = ImA 
0 2.370 
0.5 1.0 1.4 1.8 2.2 2.6 0.001 0.01 0.1 1 10 —§5 -35-15 5 25 45 65 85 105 125 
REVERSE VOLTAGE (V) FORWARD CURRENT (mA) TEMPERATURE (°C) 
Dynamic Impedance Zener Noise Voltage Response Time 


NOISE (nv/V/Hz) 


DYNAMIC IMPEDANCE (2) 


Bak 
INPUT | 
OUTPUT 


FREQUENCY (Hz) 


SCHEMATIC DIAGRAM 


100k 0 1 20 


LM136-2.5/LM336-2.5 


TYPICAL APPLICATIONS 


Wide Supply Range, Reference 


+3.6V TO +40V 


Switchable + 1.25V Bipolar Reference 


SV 


(N4148 


1N4148 


Low Temperature Coefficient Power Regulator 


UT317A 
IN OuT 
ADJ. 


Vw 


LM336 
ADJUST R2 


FOR 3.75V 
ACROSS Rt 


INd 148 


AY 
375 


Low Noise 2.5V Buffered Reference 


Viy = 6V 


IypF 


t 
zs 


10k 


LM336Z-2.5 
pe 


2.5V 


PACKAGE DESCRIPTION 


H Package, 3 Lead TO-46 Metal Can 


0.209 -0.230 


(5.309 -5 842) 7] 


0.016 - 0.019 
{0.406 — 0.483) 
DIA 


0.050, 0.100 
(1.270) (2.540) 
Typ = TYP 


0.036 0.046 
(0.914 — 1.168) 


0d 


0.178—0.195 
(4.521 — 4.953) 


0,080 —- 0.100 
(2.032 ~ 2.540) 


0.025 


(0.635) 
MAX 


0.028 - 0.048 
(0711-1219) 


Z Package, 3 Lead TO-92 Plastic 


0.175 -0.185 


a Moa 


0.175—0.185 
(4445-47699) 
SEATING t 
PLANE ama 
0.500 | | | 0.050 
(12.70) (9.270) 
MIN MAX 
UNCONTROLLED 
LEAD DIA 
J | L__ 901g 
(0.457) 
0.045 —0.055 | 
(1.143=1.397) Mg 
0.045 0.055 
(1-143 =7.397) 


—ol|__ 208 


0.135-0,145 
(3.429 —3.683) 


S°NOM 


NOM 


| 


ots 
(0.381) 
TYP 
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FEATURES 


= 10,A to 20mA operating range 

= Guaranteed 1% initial voltage tolerance 
= Guaranteed 19 dynamic impedance 

= Very low power consumption 


APPLICATIONS 


= Portable meter references 
= Portable test instruments 
= Battery operated systems 
= Current loop instrumentation 


LM185-1.2/LM385-1.2 


Micropower Voltage 
Reference 


DESCRIPTION 


The LM185-1.2 is a two terminal band gap reference 
diode that has been designed for applications which 
require precision performance with micropower oper- 
ation. The device provides guaranteed operating 
specifications at currents as low as 10uA. The nomi- 
nal voltage is 1.235V with both 1% and 2% tolerances 
available. Some additional features are: maximum dy- 
namic impedance of 12, low noise and excellent sta- 
bility over time and temperature. Advanced design, 
processing and testing techniques make Linear’s 
LM185-1.2.a superior choice over previous designs. A 
micro-power 5V reference application is shown below. 
For guaranteed TC, micropower references, see the 
LT1034 data sheet. 


Micro-power 5V Reference 


Vw 


Reverse Voltage Change 
with Current 


QUTPUT VOLTAGE CHANGE (mV) 


REVERSE CURRENT (mA) 


Wen 
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LM185-1.2/LM385-1.2 


ABSOLUTE MAXIMUM RATINGS 


Reverse Breakdown Current............... 30mA 
Forward Current...............cc cece cee 10mA 
Operating Temperature Range 
LM185-1.2.....00...0...... — 55°C to 125°C 
LM385-1.2......0..0000.0..0000. 0°C to 70°C 
Storage Temperature Range 
LM185-1.2..........00.0.... — 65°C to 150°C 
EMOBSA1 2 corcccaras cae eocuts —65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)...... 300°C 


PACKAGE/ORDER INFORMATION 


ORDER PART NUMBER 


LM185H-1.2 
LM385H- 1.2 
LM385BH- 1.2 
(NOTE 3) 


BOTTOM VIEW 


H PACKAGE 
TO-46 METAL CAN 


BOTTOM VIEW 
3 2 1 
° 


LM385Z- 1.2 
LM385BZ- 1.2 
(NOTE 3) 


Z PACKAGE 
70-92 PLASTIC 


ELECTRICAL CHARACTERISTICS (See Note 1) 


SYMBOL 
Vz 


PARAMETER 
Reverse Breakdown Voltage 


CONDITIONS 


LM185-1.2 
LM385- 1.2 
LM385B- 1.2 (Note 3) 


Ty = 25°C, Imin < Ip < 20MA 


A Average Temperature Coefficient 


A Temp 


Minimum Operating Current Trin < Ta < Tmax 


Reverse Breakdown Voltage 
Change with Current 


Imin < Ip < 1mA 
Ta = 25°C 
Tin < Ta < Trnax 


Imin < Iz < 20mA (Note 2 and Note 3) 20 


ImA < I, < 20mA 
Ta = 25°C 
Tin < Ty < Tmax 


LM185-1.2 LM385-1.2/385B-1.2 
im TYP MAX MIN’ «TYP =6MAX | UNITS 
1.223 1.235 1.247 V 
1.205 1.235 1.260 v 
+ 1223 1.235 1.247 V 
20 ppm/°C 
e 8 10 8 15 uA 
an “iG 
mV 
e 15 15 mV 
=| 


Reverse Dynamic Impedance In = 100nA 

Ta = 25°C 

Twin < Ty <Tmax 
In = 100nA 

10Hz < f < 10kHz 


Ip = 1002A 
Ta = 25°C + 0.1°C 


Cn Wide Band Noise (RMS) 


AVz Long Term Stability 
4 Time | 


The @ denotes the specifications which apply over full operating 
temperature range. 

Note 1: All specifications are for T, = 25°C unless otherwise noted. 
For the LM185-1.2 Trin = —55°C and Tmax = + 125°C. For LM385- 
1.2 Trin = 0°C and Trax = +70°C. 


Note 2: Selected devices with guaranteed maximum temperature 
coefficient are available upon request. 

Note 3: For applications requiring low initial tolerance guaranteed over 
temperature consult LT1004 data sheet. The LT 1004 is a low cost pin 
for pin substitution device 
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LM185-1.2/LM385-1.2 
TYPICAL PERFORMANCE CHARACTERISTICS 


Reverse Characteristics Forward Characteristics 


—55°C TO + 125°C 


REVERSE CURRENT (A) 


FORWARD VOLTAGE (V) 


0 . : 
0 02 04 O06 O08 10 12 14 0.01 0.1 1 10 100 
REVERSE VOLTAGE (V) FORWARD CURRENT (mA) 
Temperature Drift Reverse Dynamic Impedance Reverse Dynamic Impedance 
1.245 
= é € 
E Ss 
a 8 2] 
2 1.240 & a 
3 £ g 
# 
5 3 = 
g = S 
a 4.235 2 z 
a 
1.230 


-55 -35 -15 +5 +25 +45 +65 +85 +105 +125 10 100 1k 10k 100k 1M 


TEMPERATURE (°C) FREQUENCY (Hz) 


Noise Voitage 


Response Time 


Ip = 100 pA 


NOISE (nv/ Vz) 


= f| 


INTEGRATED NOISE (V RMS) 
> 
oO 


A. 
ian | 
TUT | I 


0 
10 100k 100 1k 


100k 0 100 200 300 400 500 
FREQUENCY (H2) CUTOFF FREQUENCY (Hz) TIME (uSEC) 
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LM185-1.2/LM385-1.2 
TYPICAL APPLICATIONS 


Micropower Reference for 9V Battery 1.2V Reference from 1.5V Battery 
+N +41.5V 
510k 3k 
1.23V 1.23V 
LM385 - 1.2 LM385 - 1.2 


SCHEMATIC DIAGRAM 


PACKAGE DESCRIPTION 


H Package, 2 Lead TO-46 Metal Can Z Package, 3 Lead TO-92 Plastic 
0.209~0.219 
{5.300 —5.503) 
0.175—0,185 6° 0.090 
0.178~0,195 eS 0.175—0.185 
(4.521— 4.953) (4.445 — 4.699) aare ie 7a. 445 4.669) NOM (2.286) 0.045 ~0.055 
a (1.143 1.397) 
0.085 -0.105 a, 
SEATING gar 1692.67) 
PLANE 0b. 
2 TT The 700) 4 f a 
0.016—0.019 ,| ia! 0.030 
DIA MAX 
(0.406~ 0.483) (0.762) 5° WOM ORAS 
at00 (3.420— 3.683) 
0.050 (2-590) 
(1.270) 


: ,| 0.0145—0.0155 
{0.3683 —0.3937) 
0.045 —0.055 TYP We 
0.036 0.046 4 
;- BEFORE LEAD 
0.914- NY Ss (1.143— 1.397) BEFORE LCA 


Tmax ®, Bic Tmax Ga 
150°C | 440°C/W | 80°C/W 150°C | 160°C/W 
3-1 08 L) LINCA, g 


0.028— 0.048 
(0.711= 1.219) 


Y Ui j \I2 LM185-2.5/LM385-2.5 


TECHNOLOGY Micropower Voltage 
Reference 

FEATURES DESCRIPTION 
s 20uA to 20mA operating range The LM185-2.5 is a two terminal band gap reference 
= Guaranteed 1% initial voltage tolerance diode that has been designed for applications which 
= Guaranteed 19 dynamic impedance require precision performance with micropower oper- 
= Very low power consumption ation. The device provides guaranteed operating 


specifications at currents as low as 20uA. The nomi- 
nal voltage is 2.5V with both 1% and 2% tolerances 


APPLICATIONS available. Some additional features are: maximum dy- 

namic impedance of 19, low noise and excellent sta- 
w Portable meter references bility over time and temperature. The advanced 
= Portable test instruments design, processing and testing techniques make Lin- 
= Battery operated systems ear’s LM185-2.5 a superior choice over previous de- 
= Panel meters signs. A circuit for cold junction compensation of a 
= Current loop instrumentation thermocouple is show below. 


For applications requiring guaranteed temperature 
drift, see the LT1034 data sheet. 


Thermocouple Cold Junction Compensator Reverse Voltage Change 


QUTPUT VOLTAGE CHANGE (mV) 


REVERSE CURRENT (mA) 
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LM185-2.5/LM385-2.5 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Reverse Breakdown Current............... 30mA BOTTOM VIEW 

Forward Current.................0.0000, 10mA ORDER PART NUMBER 

Operating Temperature Range LM185H-2.5 
LM185-2.5................. —55°C to 125°C LM385H-2.5 
LMS385-2.5..... 0... cece e eee 0°C to 70°C LM385BH-2.5 

Storage Temperature Range 70-46 METAL CAN (NOTE 2) 
LM185-2.5..........0...... —65°C to 150°C BOTTOM VIEW 
LM385-2.5...............0. —65°C to 150°C LM385Z-2.5 

Lead Temperature (Soldering, 10 sec.)...... 300°C LM385BZ-2.5 


Z PACKAGE (NOTE 2) 


TO-92 PLASTIC 


ELECTRICAL CHARACTERISTICS (See Note 1) 


LM185-2.5 LM385-2.5/385B-2.5 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP = MAX UNITS 
Vz Reverse Breakdown Voltage Ty = 25°C, 20uA < Ip < 20mA 
LM185-2.5 2.462 2.5 2,538 v 
LM385-2.5 2.425 2.5 2.575 v 
LM385B-2.5 (Note 2) 2.462 2.5 2.538 v 
at 7 Average Temperature Coefficient 20uA < Ip < 20mA (Note 2) 20 20 ppm/°C 
—{ 
7 ; Wiad Saar 
lenin Minimum Operating Current {Trin < Ta < Trax e| 8 20 8 20 uA 
Tnaveras Breakdown Voltage | 
Change with Current 20uA < Ip < 1MA 
Ta = 26°C 1 2 mV 
AVz Trin < Ta < Trax e 1.6 2.5 mV 
Alp + 2h 
mA < |p < 20mA 
Ta = 25°C 10 20 mV 
Train = Ta % Tax e 20 25 mV 
t ; J 
Iz Reverse Dynamic Impedance la = 100,A (Note 3) 
Ta = 25°C 02 06 04 1 Q 
Trin < Ta <Tmmax @ 1.5 1.5 Q 
1a 4 is 
en ee Band Noise (RMS) 10Hz < f < 10KHz, Ig = 100uA 4 120 120 | uv 
AVz Long Term Stability Ta = 25°C + 0.1°C, tp = 100uA 20 i 20 ppm/kHr 
A Time 
1 | _t 
The @ denotes the specifications which apply over full operating Note 2: For very low initial tolerance, consult LT1004 data sheet. The 
temperature range. LT1004 is a low cost, pin for pin substitution device. For guaranteed 
Note 1: All specifications are for T,; =25°C unless otherwise noted. For temperature coefficient consult the LT1034-2.5 data sheet. 
the LM185-2.5 Trig= —55°C and Tmax = + 125°C. For LM385-2.5 Note 3: Guaranteed but not tested. 


Trin =0°C and Tmax = +70°C. 
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LM185-2.5/LM385-2.5 
TYPICAL PERFORMANCE CHARACTERISTICS 


Reverse Characteristics Forward Characteristics 
100 
—55°C TO + 125°C 
= 0 - = 
7 in 
z = 
= 8 
oO a 
ie 2 
Fa = 
a 1 + 5 
ec a 
0.1 
0 0.5 1.0 1.5 2.0 25 3.0 0.01 0.1 1 10 100 
REVERSE VOLTAGE (V) FORWARD CURRENT (mA) 
Temperature Drift Reverse Dynamic Impedance Reverse Dynamic Impedance 
4000 
2.520 . 
2.515 —+ 7 s 100 =, 
4 2.510 <= S 
= 8 3 
8 2.505 1 + 4 = 
10 
8 2.500 2 2 
fa ee g 
5 2.495 + zZ z 
o 1 he! | a 
2.490 — : iil 
a | i 
0.1 
—55—-35-15 5 25 45 65 85 105 125 0.01 0.4 1 10 100 10 100 1k 10k 400k 1M 
TEMPERATURE (°C) REVERSE CURRENT (mA) FREQUENCY (Hz) 
Noise Voltage Filtered Output Noise Response Time 
1400 120 
1200 100 
1000 H 2 
iz ae = 
e800 i 2 a 
~ i; 2 60 I 
% 600 & 2 
iS] \ Fd a 
Ss 40 
= 
| ! 
0 Li TP 0 [| 
10 100 1k 10k 100k 400 1k 10k 100k 
FREQUENCY (Hz) CUTOFF FREQUENCY (Hz) TIME (uSEC) 
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LM185-2.5/LM385-2.5 


SCHEMATIC DIAGRAM 


c— a 


100k 


500k 


500k 


3.7V <V* < 30V 
220k M334 


{1.524 20.254) 


25N 2.5 
LM385 - 2.5 LM385 - 2.5 
REFERENCE FROM A OPERATION OVER A 
9V BATTERY WIDE SUPPLY RANGE 
H Package, 2 Lead TO-46 Metal Can Z Package, 3 Lead TO-92 Plastic 
0.209 -0.219 
(5.309 -5. m4 
0.178—0.195 195 
(4 (4.521 — 4,953) 953) 
0.080 ~0.100 9,060 x 0.005 0.060 +.0.010 
0.015, (2032 2.540) 0.060 0.010 
8.500, (0'387) 


2 (2.70) MAX 


0,025 


if i (0.635) 
0.016 -0.019 Max 
(0.406 —0.483) 

OIA 


9,050, 0.100 


(4.270) (2.540) 0,056 
typ TYP 


(7.270) 
Tye 
FOR 3-LEAD PACKAGE ONLY 


0.028 — 0.048 


Ke (0.711 1.219) 
(H3446)168- 

Tmax %a 
150°C | 440°C/W 


0.036~- 0.046 
{0.914—1.168) 


0.180 +. 0.005. 
. ; (4.57220.127) 
; 0.090 
DA (2285) 
0.180 0.005 ey 
t 5° 10°NOM 
0.050 NOM 


EA 

9.020 + 0.003 

(0.508 + 0.076) 0.015 + 0.002 

0.016 «0.003 {0.381 40.051) 
{0.406 + 0.076) 


(4.572 £0.12?) 


SEATING 
PLANE 
0.500 
(12.70) 


0.140 +.0.005, 
(3.596 + 0.127) 


2188 


0.050 + 0.005 
{1.270 + 0.127} 


Tmax Om 
150°C | 160°C/W 
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TECHNOLOGY 


FEATURES 


m 15,A to 20mA Operating Range—1.2V Version 
= 20,A to 20mA Operating Range—2.5V Version 
= Guaranteed 12 Dynamic Impedance 

= Very Low Power Consumption 


APPLICATIONS 


= Portable Meter References 

# Portable Test Instruments 

= Battery Operated Systems 

= Panel Meters 

= Current Loop Instrumentation 


LM385S8-1.2/LM385S8-2.5 


Micropower Voltage 
Reference 


DESCRIPTION 


The LM385 series are two terminal band gap reference 
diodes that have been designed for applications which re- 
quire precision performance with micropower operation. 
The devices provide guaranteed operating specifications 
at currents as low as 15yA. Some additional features are: 
maximum dynamic impedance of 10, low noise and excel: 
lent stability over time and temperature. The advanced de- 
sign, processing and testing techniques make Linear’s 
LM385 series a superior choice over previous designs. A 
circuit for cold junction compensation of a thermocouple 
is shown below. 


Thermocouple Cold Junction Compensator 


1o= 50uA 


2 MERCURY 
= CELLS 
2.6V 


METER 


Vagus 


Reverse Voltage Change 
with Current 
(LM385-1.2) 


QUTPUT VOLTAGE CHANGE (mV) 


0.01 0.1 t 10 100 


REVERSE CURRENT (mA) 


LM385S8-1.2/LM385S8-2.5 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Reverse Breakdown Current ..............ceeeeeee 30mA | ORDER 
Forward Current .........cccccsseaseeceecsseaueans 10mA TOP VIEW PART NUMBER 
Operating Temperature Range............... 0°C to 70°C 

Storage Temperature Range ............ - 65°C to 150°C bes LM38598-1.2 
Lead Temperature (Soldering, 10 sec.).............. 300°C « t LM385S8-2.5 


NC 
5] (DO NOT USE) 


PART MARKING 


3851 (1.2V VERSION) 
3852 (2.5V VERSION) 


$8 PACKAGE 
PLASTIC SO 


ELECTRICAL CHARACTERISTICS (S00 note) 


LM385-1.2 | | LM3852.5 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX 
Vz Reverse Breakdown Voltage Ty = 25°C, 20pA slp s20MA 1.205 1.235 1.260 | 2425 25 2.575 
AVz Average Temperature Coefficient | Ijin slp 20mA (Note 2) 20 20 ppm/°c 
ATemp 
lmin Minimum Operating Current Trin s Ta S Tmax a4 e 8 15 8 20 pA 
AVz Reverse Breakdown Voltage Imin Stas 1MA TT 
‘Ala Change with Current Tas 28°C 2 mV 
Trin Ta Tmax bad 19 25 | mV 
1mA<lps20mA 
Ty = 25°C 20 20 mV 
Tins TS Tmax hd 25 25 mV 
Iz Reverse Dynamic Impedance Ip= 100pA + i ia 
Ty = 25°C 04 1 04 1 2 
Tin S TAS Tmax e 15 15 Q 
eh Wide Band Noise (RMS) | 10Hz<f<10kHz, Ip= 100uA 60 120 WV 
AVz Long Term Stability Ty = 25°C +0.1°C, Ip = 100hA 20 20 ppm/kHr 
ATime | tL 
The @ denotes the specifications which apply over full operating tem- | Note 2: For guaranteed TC and very low initial tolerance, consult 
perature range. 111034CS8 data sheet. The LT1034CS8 is a low cost, pin for pin substitution 
Note 1: All specifications are for T, = 25°C unless otherwise noted. device. 


Trin = °C and Tay = + 70°C. 
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FEATURES 


= Guaranteed 0.5 ppm/°C temperature coefficient 
= Guaranteed 1.0 2 max. dynamic impedance 

= Guaranteed 20u.V RMS max. noise 

= Guaranteed initial tolerance of 2% 

« Wide operating current range 


APPLICATIONS 


= Precision voltage reference for multimeters 
= Calibration equipment voltage standards 

= Laboratory measurement equipment 

= Industrial monitor/contro! instruments 

= High accuracy data converters 


10 Voit Buffered Reference 


LM199/LM399 
LMI99A/LM399A 


LY WU eee 


Precision Reference 


DESCRIPTION 


The LM199/399 precision reference features excel- 
lent temperature stability over a wide range of voltage, 
temperature, and operating current conditions. A sta- 
bilizing heater is incorporated with the active zener on 
a monolithic substrate which nearly eliminates 
changes in voltage with temperature. The subsurface 
zener operates over a current range of 0.5mA to 10mA, 
and offers minimal noise and excellent long term 


stability. 


Ideal applications for the LM199/399 include digital 
voltmeters, precision calibration equipment, current 
sources and a variety of other precision low cost refer- 
ences. A 10 volt buffered reference application is 


shown below. 


REVERSE VOLTAGE CHANGE (mV) 


Reverse Voltage Change 


STABILIZED 


(T; = Wz 


REVERSE CURRENT (mA) 


LT Wine 
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LM199/LM399 
LMI99A/LM399A 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Temperature Stabilizer.................... 40V 
Reverse Breakdown Current............... 20mA 
Forward Current..............cccccueeee 1mA 


Reference to Substrate Voltage Vrs), (Note 1). —0.1V 
Operating Temperature Range 


LM199/199A............... —55°C to 125°C 
LM399/399A................008 0°C to 70°C 
Storage Temperature Range 
LM199/199A............00. —65°C to 150°C 
LM399/399A............... —65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)...... 300°C 


TOP VIEW 


+O W- 
‘Ge. 


H PKG, 
TO-46 METAL CAN INSIDE THERMAL SHIELD 


ORDER PART NO. 


LM199H, LM199AH 
LM399H, LM399AH 
LM199AH-20,LM399AH-50 


FUNCTIONAL BLOCK 
DIAGRAM 


ELECTRICAL CHARACTERISTICS (See Note 2) 


LM199/199A LM399/399A 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vz Reverse Breakdown Voltage 0.5mA < lp < 10mA @(/68 695 7.1 6.75 6.95 7.3 Vv 
AVz Reverse Breakdown Voltage 
Change with Current 0.5mA < Ip < 10mMA e 6 9 6 12 mV 
tz Reverse Dynamic Impedance In = 1mA (Note 5) (10<fs100Hz) e 05 1 05 15 Q 
Temperature Coefficient 
LM 199/LM399 —55°C < Ty < 85°C 03 461 ppm/°C 
+85°C < T, < 125°C 5 5 ppm/°C 
AV: 0°C < Ty < 70°C 03° 2 ppm/°C 
B temp +++ 
LM199A/LM399A —§5°C < Ty < 85°C 02 05 ppm/°C 
+85°C < Ty, < 125°C 5 10 ppm/°C 
—_ 0°c < Ty, < 70°C | 4 03 #1 ppm/°C 
Cn RMS Noise 10Hz < f < 10kHz e 7 20 7 50 BV 
AV. Long Term Stability Stabilized, 22°C < Ty < 28°C 8 Note 3 8 Note 3) ppm/WkH 
A Time 1000 Hours, la = 1mA +0.1% 
\ Temperature Stabilizer Ta = +25°C, Still Air, Vy = +30V 85 8614 am 85 8615 mA 
W Supply Current T, = —55°C (Note 4) 22-28 
Va Temperature Stabilizer Supply Voltage @/9 40 a4 9 40 Vv 
Warm-up Time to + 0.05% Vz Vu = 30V, Ta = 25°C 3 3 Seconds 
tnitial Turn-on Current QV < Vy < 40V, Ty = 25°C, (See Note 4) 140-200 140-200 mA 


The @ denotes the specifications which apply over full operating 
temperature range. 


Note 1: The substrate is electrically connected to the negative 
terminal of the temperature stabilizer. The voltage that can be 
applied to either terminal of the reference is 40V more positive or 
0.1V more negative than the substrate. 

Note 2: These specifications apply for 30V applied to the temperature 
stabilizer and —55°C < T, < 125°C for the LM199; and 0°C < Ty 
< 70°C for the LM399. 


Note 3: Devices with maximum guaranteed long term stability of 
20 ppm/VkH are available. Drift decreases with time. 

Nate 4: This initial current can be reduced by adding an appropriate 
resistor and capacitor to the heater circuit. See the performance 
characteristic graphs to determine values. 

Note 5: Guaranteed by “Reverse Breakdown Change with Current.” 
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LM199/LM399 
LMI99A/LM399A 


TYPICAL PERFORMANCE CHARACTERISTICS 


Reverse Characteristics Dynamic Impedance Stabilization Time 


OUTPUT (mV) 


REVERSE CURRENT (mA) 


DYNAMIC IMPEDANCE (2) 


STABILIZED 
(T; = 90°C) 


6.25 6.45 6.65 6.85 7.05 
REVERSE VOLTAGE (V) FREQUENCY (Hz) HEATER ON TIME (SEC) 


Initial Heater Current Heater Current Heater Current 


250 
= 200 
= 
= 150 z a 
oS c = 
f 7 é 
= 100 = if 
—_: w 
Sal & a 
= 2 = 
Z 50 by, N 
~— 
‘ a. 
-55-35-15 5 25 45 65 85 105 125 -55 -35 -15 5 25 45 65 85 105 0 2 4 6 8 10 12 14 16 18 
TURN ON TEMPERATURE (°C) TEMPERATURE (°C) TIME (SEC) 
Zener Noise Voltage Response Time Limiting Surge Current 
e 
c 
S 
B 
S S red 25°C (46 mA) 
€ 2 g 5°C (60 mA) 
g = 5 — 18°C (71 mA) 
= a 3 —35°C (87 mA) 
wg 3 wy ~55°C (105 mA) 
2 = & 
2 3 z 
> = 
—] 
= 
3 
= 
0 10 20 30 40 
10 100 tk 10k 100k MINIMUM SUPPLY VOLTAGE (V) 
FREQUENCY (Hz) TIME (us) “Heater must be bypassed with a 2 yF or jarger 


tantalum capacitor if resistors are used. 
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LM199/LM399 
LMI99A/LM399A 


TYPICAL PERFORMANCE CHARACTERISTICS 


Long Term Reference Performance 


44 Units Tested Low Frequency Noise Voltage 
Z =| r 
| 
0 50 100 150 200 250 
MONTHS TIME (SEC.) 
TYPICAL APPLICATIONS 
Negative Heater Supply with 
Single Supply Operation Split Supply Operation Positive Reference 
QV to 40V +15V + 15V 


—9V TO 
—33V 


Portable Calibrator 


15V to 20V 
1% REGULATED 
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LM199/LM399 
EMIS AILMIS 9A 
SCHEMATIC DIAGRAMS 


Temperature Stabilizer 


Reference 


PACKAGE DESCRIPTION 


H Package, 4 Lead Thermal Shield” 
TO-46 Metal Can For T0-46, H Package 
0,209 0.219 
(6.309 —5.563) aes 0.399-0.409 
den seags (10.135 — 10.389) 
ake. 
a) 
0.085 — 0.105 
0,015 (2.159- 2.667) ; 
0.500 (9.381) K 3 
(120) MAK 0.224—0.234 
| a (6.690 —5.943) 
! 0.025 SEATING PLANE | 
(| (| (| (0.635) 
0.016-0.019 7 MAX 
= 0.400 0.016—0.019 
0.406 — 0.483 0.400, 
DIA (10.160) (0.406—0.483) DA TYP 
0.050 0.100 
(1.270) (2.540) 0.050 
typ TYP (1.270) 
TYP 


0.036 — 0.046 


0.100 
(2.540) 
as 0.050 
0.028 — 0.048 Le (1270) 
{0.914 — 1.168) KS (0.711 — 1.219) 5 


*Thermal Shield Materia! is Valox™ 
Valox is a registered trademark of General Electric 
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NOTES 
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FEATURES 


® Direct Replacement for Present References 
@ Ultra Low Drift—3ppm/°C Typ. 

= Curvature Corrected 

= Series or Shunt Operation 

= Ultra High Line Rejection ~ Y2ppm/V 

= Low Output Impedance =0.020 

@ Tight Initial Output Voltage 

= 100% Noise Tested 


APPLICATIONS 


= AtoDandDtoA Converters 
= Precision Regulators 

= Constant Current Sources 

m V to F Converters 

= Bridge Excitation 


LT580/LT581 
Precision References 


DESCRIPTION 


The LT580/LT581 are bandgap voltage references utilizing 
thin film technology and a greatly improved curvature 
correction technique. Wafer level trimming of both refer- 
ence and output voltage combines to produce units with 
high yields to very low TC and tight initial tolerance of out- 
put voltage. 


The LT580/LT581 can both sink and source up to 10mA 
and can be used in either the series or shunt mode. This 
allows the reference to be used for both positive and nega- 
tive output voltages without external components. Mini- 
mum input-output voltage is less than 1V in the series 
mode, providing improved tolerance of low line conditions. 


For voltage references with improved specifications, 
please see the LT1019, LT1021, and LT1031 data sheets. 


Negative 10V Reference for CMOS DAC 


cmos | 
pac Out 


wee 


Output Voltage Drift 


-50 -25 


0 2 #50 75 100 125 
TEMPERATURE (°C) 
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LTS580/LT581 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 
Input Voltage ........cc ccc cee eee ee cee eeeeaneees 40V 


Storage Temperature Range ........... - 65°C to 175°C BOTTOM VIEW RUBE 
Lead Temperature (Soldering, 10sec.)............ 300°C e INPUT 
Operating Temperature Range LT580JH 
J, KU L,M Grades ......... cc ccceeee ees 0°C to 70°C ouTaur LT580KH 
ST, UGradeS ........cccseeeeeeeee -55°C to 125°C LT580LH 


LT580MH 
epotio LT580SH 
10-52 METAL CAN LTS80TH 


LT580UH 


BOTTOM VIEW LT581 J H 
ow LT581KH 

LT581LH 
Ae LT581SH 
LT581TH 
LT581UH 


GROUND 


H PACKAGE 
TO-39 METAL CAN 


LT580 ELECTRICAL CHARACTERISTICS Vin= + 15V, Ta =25°C unless otherwise noted 


LT580 
SYMBOL PARAMETER t CONDITIONS MIN Typ MAX UNITS 
Vr Output Voitage LT580J 2.425 2,500 2575 V 
LT580K, S 2.475 2,500 2.525 V 
__| _LT580L, M, T, U 2.490 2.500 2.510 Vv 
Bie) Output Voltage Change LT580J (0°C to 70°C) e 15 (85) mV (ppm/°C) 
Over Temperature in LT580K (0°C to 70°C) e 7 (40) mV (ppm/°C) 
mV and (ppm/°C) LT580L (0°C to 70°C) e 4,3 (25) mV (ppm/°C) 
LT580M (0°C to 70°C) e 4.75 (10) mV (ppm/°C) 
LT580S (- 55°C to + 125°C) e 25 (65) mV (ppm/°C) 
LT580T (- 55°C to + 125°C) e 11 (25) mV (ppm/°C) 
LT580U (- 55°C to + 125°C) e 4.5 (10) mV (ppm/°C) 
AVout Line Regulation 7VsViys30V —-LT580J,S 0.5 6 mV 
Wy LT580K 05 4 mv 
LT580L, M, T, U 05 2 mV 
45V<Viys7V  LT580J,S 04 3 mV 
LT580K 0.1 2 mV 
2 LTSBOL, M, 7, U 0.1 1 mV 

one 4 

AVout Load Regulation (Sourcing) Osloyts10mA 1 10 mV 
lege Shunt Mode 1.5MA<loyynts 10mA 2 10 mV 
lg Quiescent Current [ 0.75 15 mA 
Ch Output Noise (Note 1) 0.1Hz to 10Hz L 10 uVp-p 
Output Voltage Per Month 25 r uV 
Stability with Time j___Long Term 250 wV 
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LT580/LT581 


a gr egy 9 PIPE SY TPT BI ES I I I TS SI a CT I aT ITED 


LT581 ELECTRICAL CHARACTE RISTICS Vin = + 15V, Ta = 25°C unless otherwise noted 


LT581 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vp Output Voltage LT581S, J 9.970 10.000 10.030 | V 

LT581T, K 9.990 10.000 10.010 V 

LT581U, L | 9.995 10.000 10.005 v 

TC Output Voltage LT581J (0°C to 70°C) e 13.5 (30) mV (ppm/°C) 

Change, Maximum LT581K (0°C to 70°C) e 6.75 (15) mV (ppm/°C) 

Deviation from 25°C LT581L (0°C to 70°C) e 2.25 (5) mV (ppmi°C) 

in mV and (ppm/°C) LT581S (- 55°C to + 125°C) e 30 (30) mV (ppm/°C) 

LT581T (- 55°C to + 125°C) e 15 (18) mV (ppmi°C) 

LT581U (-55°C to + 125°C) e 10 (10) mV (ppmi°C) 

AVout Line Regulation 15V <Viy<30V 0.5 3 mV 

“AVN, 13V <Viy s 15V 0.1 4) mV 

AVout Load Regulation (Sourcing) O<Ioyps5mA y 50 500 uVimA 

Alout Shunt Mode IMA <Ioyunts5MA 100 500 yVimA 

lo | Quiescent Current 0.75 1.0 _ mA 

e, Output Noise (Note 1} 0.1Hz to 10Hz 30 uVp-p 

Long Term Stability Non-Cumulative 25 ppm/kHr 

Isc Short Circuit 30 mA 
Current 

lout Output Current Sourcing 10 25 mA 

Sourcing e 5 mA 

Sinking e| 5 mA 


The @ denotes the specifications which apply over the full operating 


Note 1: Although 0.1Hz to 10Hz noise is not a standard production test, 


temperature range. Linear Technology does 100% test 10Hz to 1kHz noise. Consult factory 
for details. 
TYPICAL APPLICATIONS 
High Current Precision Supply Suggested Output Trim Output Current Boost with Current Limit 


Vin= 15V 


4 


2N6040 


I 
| 
! 
l 
4 


Vour 
+10V AT 4A 


> —15V 


V+>(Voyt +2.8V) 


GLOWS IN 
CURRENT LIMIT 
(D0 NOT GMIT) 


2N2905 


'Loap = 100mA 


2uF SOLID TANTALUM 


LY 


Ln 


TECHNOLOGY 
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LTS80/LT581 


TYPICAL APPLICATIONS 


Two-Terminal Negative Reference 


ANALOG 
GND 


~15V 


Qt 
2N2905 


py ot SV po IV" rer 
ama’ mA 


D1 =VRer+5V 


~Veer @ ILoaps50mA 


12V Supply Connection 


12V45% 


5600 + 5%* 
10V AT OMA TO 5mA 


*NOT REQUIRED ON LTC LT580 OR LT581 


Optional Trim Configuration 
+15V 


6.8kQ 


3.5ppmi°C 4.3ka 


120 2.0ppmi°C 
3.92 O.6ppmi°C —15V 
PACKAGE DESCRIPTION 
LT580 LT581 
T0-52 TO-39 


0.209 — 0.230 


(6: 309—5.842) i. 
0.178-0.195 


- (4.521 — 4.953) 


0.115-0.150 
(2:921-3.810) 


0.015 
0.500. (9.381) 
(12.70) Max 
MIN 
' 0.030 
i (0.762) 
0,016 0.019 MAX 
(0.406 — 0.483) 
DIA 
0.050 _0.100 
(4.270) (2.540) 0.050 
Typ YP (1.270) 
TYP 
0.036 —-0.046 0.028—0.048 
(@.314—1.168) Ke (0.711 -1.219} 
H382)188 
Timax 8A 
150°C | 360°C: W 


9.350-0.370 
(8.890 — 9.398) 
DIA 


0.305 -0.335, 
0.165—0.185 7-747 ~8.509) 0.050 
(4.191 —4.70) (1.270) 
MAX 


aie 0.016-0.019 
¥ (0.406 —0.483} 
DIA 3 LEADS 


0.029 —0.045 
(0.737 —1.14} 


HIBBNSS 
ro 


3 
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REF-01/REF-02 
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FEATURES 


= Trimmed Output +0.3% 

® Low Drift—Sppm/°C Typical 

@ Low Noise—3ppm (p-p) 

® High Line Rejection 

® Temperature Output—REF-02 

= Low Supply Current 1.4mA Max. 


APPLICATIONS 


= A to Dand D to A Converters 
= Precision Regulators 

= Constant Current Sources 

= V to F Converters 

# Bridge Excitation 


Precision Voltage References 


DESCRIPTION 


The REF-01/REF-02 are precision 10V and 5V bandgap 
references which provide stable output voltages over a 
wide range of operating conditions. Output voltage is accu- 
rate to + 0.3% with a low 5ppm/°C typical temperature 
coefficient. The REF-01 and REF-02 are excellent choices 
for applications where low drift, moderate accuracy, low 
power consumption and low cost are considerations. 


The REF-02 includes a temperature output pin which pro- 
vides a linear voltage proportional to absolute temperature. 


For lower drift and higher accuracy references, please 
see the LT1019 and LT1021 data sheets. 


Ultra Linear Strain Gauge Amplifier 


+15V 
4120" hW SV 


a 
W “REDUCES REFERENCE AND AMPLIFIER 0.997 
0 


LOADING TO = 


15 “*IF RG =R3, BRIDGE 1S NOT LOADED 


BY R2 AND R4. 


Output Voltage Temperature 
Drift 


0°C TO 70°C BOX GUARANTEED FOR 
REF-O1E AND REF-02E (8.5ppm/°C) 


FULL TEMP RANGE BOX GUARANTEED 
REF-01A AND REF-02A (8.5ppm/°C) 


-50 -25 0 2 50 75 100 126 
TEMPERATURE (°C) 


TA1 Vog AND DRIFT ARE NOT CRITICAL. 


LI We 
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REF-O1/REF-02 


ABSOLUTE MAXIMUM RATINGS 


PACKAGC/ORDER INFORMATION 


REF-01/02,A,E,H............. 0000. c cae 40V 
REP OIG L020 icecetsvtuiod Gost cn. seas 30V i. irre 
Power Dissipation ...................00. 500mw | 
Output Short Circuit Duration REF-01AH REE-02AH | 
ToGround... 0... eee indefinite Input (2) REF-01H | REF-02H 
TOVINS16V....00...... cece eee Indefinite ane REF-01EH REF-02EH 
TOVIN>16V................0005. Not Allowed REF-01HH REF-02HH 
Storage Temperature............. — 65°C to 150°C BNOKeASE) REF-01CH REF-02CH 
Operating Temperature METAL CAN LORE REF-02DH 
REF-01/02, REF-01A/02A...... —55°C to 125°C CONNECT EXTERNALLY, 
REF-O1E/O02E, REF-01H/02H, Ses pO =< h 
REF-01C/02C, REF-01D/02D ....... 0°C to 70°C TOP VIEW REF-O1EJ8 REF-02EJ8 | 
Nct [8] NC* REF-01HJ8 REF-O02HJ8 
input [2] Nc* REF-01CU8 REF-02CJ8 
TEMP** féjourrut | REF-Q{EN8 REF-020J8 
ano [4] [5] TRIM REF-01HN8 REF-02EN8 
PLASTIC DIP N& PACKAGE REF-O1CN8 REF-O2HN8 
____ 8 PIN HERMETIC DIP REF-02CN8 
CONNECT EXTERNALLY. REF-O2DN8 
“DO NOT CONNECT ON REF-01. | 
ELECTRICAL CHARACTERISTICS 
Vin= + 15V, Ta=25°C unless otherwise noted 
rane REF-01A/E REF-01/H 
SYMBOL | PARAMETER CONDITIONS REF-O2A/E REF-02/H UNITS 
MIN TYP MAX MIN TYP MAX 
Vo Output Voltage 0 REF-01 9.97 10.00 10.03 | 9.95 10.00 10.05 V 
REF-02 498 5000 5.015 | 4.975 5.000 5.025 Vv 
Output Adjustment | Rp = 10kQ REF-01 +3.0 +5,-27 0 — +3.0 +5,-27 — % 
Range REF-02 [430 +5,-13 — #30 +5,-130 — % 
@npp [Output Voltage 0.1Hz to 10Hz (Note 6) REF-O1 7 20 7 = 20 — uNp-p 
Noise REF-02 - 10 = = 10 _ uVo-p 
Vin REF-01 12 7 40 12 = 40 V 
REF-02 7 — 40 7 = 40 V 

AVout_ [Line Regulation — | (Voyy-+ 3V) S Vy = 33V = 0.0001 +0010 | — 0.0001 0.010 %/N 

AVin _ | (Note 1) 

AVour_ |Load Regulation |, =OmA to 10mA REF-01 = 0.0008 0.008 | — 0.0005 0.010 | %/mA 
“Blour_ | (Note 1) REF-02 = 0.0010 0.010 | — 0.001 0.010 | %/mA 
io No Load _ 0.65 1.4 = 0.65 1.4 mA 
lout Load Current 10 20 = 10 20 a mA 

Sink Current ~0.3 —20 = ~0.3 —20 = mA 
Isc Short Circuit Vo=0 = 25 = ~ 25 ~ mA 
Current 

Vr Temperature Voltage | (Note 2) REF-02 Only}; — 620 - -_ 620 - mV 
Output 

3-126 Josue 


REF-O1/REF-02 


ELECTRICAL CHARACTERISTICS 


Vin= +15V, Ty=25°C unless otherwise noted 


REF-01C 


SYMBOL | PARAMETER CONDITIONS REF-02C REF-02D. UNITS 
MIN TYP MAX _| MIN TYP MAX i 

Vo Output Voltage IL =0mA REF-01 9.90 10.00 10.10 V 

REF-02 4,950 5.000 5.050 | 4.900 §.000 5.100 v 

Output Adjustment | Rp— 10k REF-01 +5,-27 = = = = |, ow 

| Range REF-02 +£2.7 +5,-13 = js 2.0 +5,-13 — % 

@np-p __| Output Voltage 0.1Hz to 10Hz (Note 6) REF-01 30 = | avpp 

oise REF-02 12 - =} = 2 = eVp-p 

AVout jie Regulation (Vout + 3V) s Vins 33V 0.0001 0.015 _ 0.0001 0.04 | ”IV 

AV __ | (Note 1) fee 

AVour {Load Regulation {1 =OmA to &mA = 0.0005 0.015 | — = =f %/mA 

Alour_|(Note 1) |, =OmA to 4mA ~ - - - 0.001 0.04 | %/mA 

lo Quiescent Supply {No Load ~- 0.65 1.6 ie 0.65 2.0 mA 
Current te 

lour | Load Current 8 20 = 2 8 20 = mA 

Sink Current ~-0.2 20 - -0.2 20 - mA 

Igo Short Circuit Vo=0 - 25 _ - 25 _ mA 

Current Bl 
Vr Temperature Voltage | (Note 2) REF-02 Only] — 620 - oa 620 _ mv 
[Output 


ELECTRICAL CHARACTERISTICS 


Vin= +15V, ~55°C <Ta= +125°C for REF-01A/02A and REF-01/REF-02, 0°C<Tas + 70°C for REF-O1E/02E and 
REF-01H/02H, |, =OmA unless otherwise noted 


REF-01A/E REF-01/H 


SYMBOL REF-02A/E REF-02/H UNITS 
TYP MAX TYP MAX 
Output Voltage Change with | O°C<Ty< + 70°C 0.02 0.06 0.035 0.17 
AT Temperature —55°C sTas + 125°C 0.09 = 0.144 0.45 % 
(Notes 3 and 4) 
Output Voltage Temperature { (Note 5) 8 25 ppm/°c 


Coefficient 
Change in Vo Temperature 


0.5 


Rp=10kQ 


ppm/ 


Coefficient with Output 

Adjustment 
AVour Line Regulation O°C sTas + 70°C 0.0001 0.012 %/V 
AVin (Vin == 8V to 33V) (Note 1) — 55°C <Tas + 125°C _ 0.0001 0.015 AIN 
AVour Load Regulation O°C <Tas +70°C 0.002 =0.012 %/mA 
Alout (I, =OmA to 8mA) (Note 1) | —S55°C-<Ty= + 125°C 0.002 0.015 %/mMA 

Temperature Voltage Output | (Note 2) REF-02 2.1 = mV/°G 


Temperature Coefficient 


The @ denotes the specifications which apply over the full operating 
temperature range. 
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REF-O1/ REF-02 


ELECTRICAL CHARACTERISTICS 


Vin= + 15V, O°C<Tax+70°C and {,=OmA unless otherwise noted 


REF-#16 REF-020 
SYMBOL | PARAMETER CONDITIONS REF-02C UNITS 
TYP MAX MIN TYP MAX 
AV Output Voltage Change with | (Notes 3 and 4) 0.45 = 1.7 % 
AT Temperature 
TC Output Voltage Temperature { (Note 5) 8 65 _ 8 250 ppm/°C 
Coefficient 
Change in Vo Temperature Rp= 10k 0.5 - _ 0.5 - pom/% 
Coefficient with Qutput 
Adjustment 
AVour Line Regulation Vin = 8V to 30V 0.0001 0.078 | - 0.0001 0.05 %IN 
AVN (Note 1) 
AVourt Load Regulation 1, =OmA to 5mA 0.002 0.018) — 0.002 0.05 %/mMA 
Alout (Note 1) 
Temperature Voltage Output | (Note 2) REF-02 2.1 - - 2.4 _ mv/°C 
Temperature Coefficient 


Note 1: Line and load regulation specifications include the effect of self 
heating. 


Note 2: Limit current in or out of pin 3 to 50nA and capacitance on pin 3 


to 30pF. 

Note 3: AV is defined as the absolute difference between the maximum 

output voltage and the minimum output voltage over the specified 

temperature range expressed as a percentage of nominal output. 

Vmax — Vain 
OUT 


AV = x 100 


Note 4: AV specification applies trimmed or untrimmed. 
Note 5: TC is defined as AV divided by the temperature range, i.e., 


AV 
Trax — Tain 
Note 6: 0.1Hz to 10Hz noise cannot be 100% tested on modern high 
speed test equipment, so Linear Technology does not put a guaranteed 
maximum specification on this parameter for standard units. 100% 
bench testing of 0.1Hz to 10Hz noise is available on special request. To 
ensure low output noise, Linear Technolagy does 100% test 10Hz to 
1kHz noise. Consult factory for details. 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


H Package J8 Package N8 Package 
Metal Can 8 Lead Hermetic DIP 8 Lead Plastic 
0.335—0.370 
(8.509 ~9.398) 
ie 0410 
dai TO.i4) 
0.040 
io a ces WILE a) 
MAX i1.270) 0.165 - 0.185 RIP 
MAX (4.191 = 4,699} 
REFERENCE 8.220-0.310 0.250 2 0.005, 
‘SEATING, ‘GAUL ‘elena PLANE (5 588—7.874) (6.350 # 0.127) 
“eos = OD Mt 
{0.254—1.143} ut CI ETEI 4 
aot 0.016-0.021 6 
soe S38) (1.397) be 0.300-0.320 
MAX {7.620 - 8.128) 


0.027 ~ 0.045 
(0686-1143) 


008 — 0.015, 
(0.203—0.381) 


[_ 2:28540.005 | 0.018 2.0.03 
(@.779 + 0.635} (0.457 £0.07 


*LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tymax oa 1 
150°C | 100°C/W 00° 


3} 
9.110 - 0.160 
(2794-47064) 2.050;x.0.020., 
INSULATING (1.524 = 0.508) 
STANDOFF 
Tymax 
150°C | 150°C /W | 45°C /W 


9.130» 0.005 


AN soeeeee. 
{3.302 40.127) 
9,020 


MIN 


9.040, 


2 (1.076) 


¢ 


0.008 - 0.015 
(0.229-0.383) 


06s 
651) 
oe 
0.325 +0.025 ave. 


ozs = 0.015 0,045 0.015 
in FOS ir 20.285) 
th 28 0 381 0.1002 0.010 
0.100.+ 0.910 (258020254) 
i250 20-254} 


*LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


% 
130°C/W 


0.016 
een 


TP 


(3.175) 
‘an 
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SECTION 4—VOLTAGE REGULATORS 


INDEX oo sind Haste deri See ite hed bang Skdglehad hhiy Miu als dsahagag (die ihe oe POL OTR aba bet eeaadte techs 4-2 
SELECTION GUIDE: 5.5. e-ccccess tee cscs oe 6 8 Go ove abe Gk RS Da ee hea Verne ae Dears turds wa ATE dey DU e ta ot 4-3 
PROPRIETARY PRODUCTS 
LT1003, 5 Volt, 5Amp Voltage Regulator 6... cc eee bene beet nett teen nee e bees 4-9 
LT1005, Logic Controlled Regulator... .. 2... ee nen ene enter t ern ent e nt tee 4-17 
LT1020, Micropower Regulator and Comparator... 6... eee n nent tener ene tenes 4-29 
LT1020CS, Micropower Regulator and Comparator oo... cence teen nent teeter eens 4-45 
LT1033, 3A Negative Adjustable Regulator... 62... een n ener etna teen n nee 4-49 
ET 1035, Logic Controlled Regulator x. 03.) .goedncce aes oye edd ss nag ee Siva pg oid dee de pa de aa ey ee ei eed + 4-57 
LT1036, Logic Controlled Regulator... 00.16. centre E Neen bn Ebene EE Renn E teres 4-69 
LT1038, 10 Amp Positive Adjustable Voltage Regulator... 0.00... cece ene e nena 4-77 
LT1083, 7.5A Low Dropout Positive Adjustable Regulator... 0... eee ee 4-89 
LT1083-5, 7.5A Low Dropout Positive Fixed 5V Regulator... 0.26 eee nee 4-101 
LT1083-12, 7.5A Low Dropout Positive Fixed 12V Regulator... 06.6 eet ents 4-101 
LT1084, 5A Low Dropout Positive Adjustable Regulator. ©... 0... ee ee ee eee 4-89 
LT1084-5, 5A Low Dropout Positive Fixed 5V Regulator «2.1... cee ener ete 4-101 
LT1084-12, 5A Low Dropout Positive Fixed 12V Regulator... 0.0.00. e nnn tes 4-101 
171085, 3A Low Dropout Positive Adjustable Regulator... 02.0 etn 4-89 
LT1085-5, 3A Low Dropout Positive Fixed 5V Regulator... 6... nee tenets 4-101 
LT1085-12, 3A Low Dropout Positive Fixed 12V Regulator... 0.0 eens 4-101 
LT1086, 1.5A Low Dropout Positive Adjustable Regulator... 0.0.6. 4-113 
LT1086-5, 1.5A Low Dropout Positive Fixed 5V Regulator... teens 4-113 
LT1086-12, 1.5A Low Dropout Positive Fixed 12V Regulator... 6... cn eens 4-113 
LT1087 Adjustable Low Dropout Regulator with Kelvin-Sense InputS ©. 6.06.6 teers 13-28 
LT1120, Micropower Regulator with Comparator and Shutdown... 6... 0. ene teens 4-125 
ENHANCED AND SECOND SOURCE PRODUCTS 
LM117/LM317, Positive Adjustable Regulator... 02... etter nen tne 4-137 
LTLITASUTBITA, Improved LM117.. 2 cease eaten cortege eel divach es eegbbened (Seer esa. deeded geet 4-137 
LM117HV/LM317HV, High Voltage Positive Adjustable Regulator... eee tent eeee 4-145 
LT{17AHV/LT317AHV, Improved LM117HV. 0.0. cnet ent n nee teen nents 4-145 
LM123/LM323, 5 Volt, 3Amp Regulator... ee eee eee eee ee 4-149 
LT123A/LT323A, Improved LM123... 0.00 cee cee edn n ene eee ent nent n enn ttn ene nas 4-149 
LM137/LM337, Negative Adjustable Regulator... 00... eee t eens 4-157 
LTIITA/LT OSTA; MMPlOVED EM IB7 2 s.a.d 2.3 tea At as do piena gd Diesean ga dd OM g EDK Peed Sect eeeatar nada Area ding Sense RET 8 4-157 
LM137HV/LM337HV, High Voltage Negative Adjustable Regulator... 2.02... ete 4-165 
LTI37AHV/LT337AHYV, Improved LMIS7HV 0... ncn nn ene tenn e ener e en tte t nates 4-165 
LM138/LM338, 5 Amp Positive Adjustable Regulator... 00... cc etn tenet nets 4-169 
CTISBA/LTS3BA, Improved UMIB8 osc ic ase acad ar iek eee AREA ek Dawe Oe ee AP EW RS eae deta eet age 4-169 
LM150/LM350, 3 Amp Positive Adjustable Regulator. 6.0... cette eee 4-177 
LTI5OA/L T3504, Improved LM150s 0is..202.4 voce bie oth i Sada Sa ae A be Miri eae tage EP Lada weet eae Oe 4-177 
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TECHNOLOGY 
MILITARY 
to POSITIVE T Vo 
QUTPUT OR Vin | NOMINAL REGULATED 
CURRENT| NEGATIVE PACKAGE |MAX} OUTPUT VOLTAGE 
{AMPS)* | _OUTPUT* PART NUMBER =e TYPE (Vy) {V) FEATURESICOMMENTS 
10.0 | Pos. Adj. LT1038MK Steel TO-3 35 1.2to 33 0.8% Vour Tol., Plug In Compatible with 117, 150, 138. 
75 — | Pos, Fixed LT1083MK-5 Steel TO-3 36 5 Low Dropout (1.2V), 1% Vour Tol. 
LT1083MK-12 Steel T0-3 35 | 12 Low Dropout (1.2V), 1% Vout Tol. 
Pos. Adj. _| LT1083MK SteelTO-3 | 35 1.2to 34 Low Dropout (1.2V), 1% Vree Tol. Pin Compatible with 117, 150, 138 Types 
5.0 | Pos. Fixed LT1084MK-5 Steel TO-3 35 — 5 Low Dropout (1.2V), 1% Vour Tol. 
LT1084MK-12 Steel T0-3 35 12 Low Dropout (1.2V), 1% Vout Tol. 
LT1003MK Steel TO-3 20 5 2% Vour Tol. 
Pos. Adj. LT138AK = LM138K Steel T0-3 35 1.2 to 33 LT138A Has 1% Vaer Tol. 
LT1084MK | Stee 10-3 35 | 1.2 to 34 Low Dropout (1.2V), 1% Vrer Tol. Pin Compatible with 117, 150, 138 Types 
Switching LT1070MK Steel TO-3 40 | . Self Contained PWM and 5 Amp Switch ina 5-Pin Package 
LT1070HVMK Steel TO-3 60 si 
3.0 Pos. Fixed LT1085MK-5 Steel T0-3 35 ss) TLow Dropout (1.2V}, 1% Vout Tol. 
LT1085MK-12 Steel T0-3 Bis} 12 Low Dropout (1.2V), 1% Vour Tol. 
LT123AK _LM123K Steel T0-3 20 | § _{LT123A Has 1% Vout Tol. 
Pos. Adj. LTI50AK LM150K Stee! TO-3 35 1.2 to 33 LT150A Has 1% Vrer Tol. tS 
LT1085MK SteelT0-3 | 35 1.2 ta 34 Low Dropout (1.2V), 1% \a ma CQpparioie with 117, 150 Types 
| Neg. Adj. LT1033MK Steel TO-3 40 -1.2t0 -37 
Dual Pos. Fixed | LT1035MK Steel TO-3 20_|  Two5V Outputs 
Positive LT1036MK Steel TO-3 30_| 12,5 
25 Switching LT1071MK Steel TO-3 40 i erin a 5-Pin Package 
LTA071HVMK SteelT0-3 | 60 E 
15 Pos. Fixed LT1086MK-5 Stee! TO- gr 5 Low@kop! 3 F 
LT1086MK-12 soe 12 We 2V}, 1% Vour Tol. 
Pos. Adj. LT1086MK ee! 3 3 t af = (1.2V), 1% Ver Tol. Pin Compatible with 117 Types. 
0.5to 1.5 | Pos. Adj. WwW teel TO-3 LT117A Has 1% Vper Tol. 
“A ¥ —12te -37 LT137A Has 1% Veer Tol. 
40 
Pos. Adj. LT117 PE Steel T0-3 60 1.21057 LT117AHV Has 1% Vpeg Tol. 
High Voitage UMAT/HVH | 10-39 60 | 
Neg. Adj. ;or LM137HVK | Steel TO-3 50 -12to -47 LT137AHV Has 1% Vrer Tol. 
High Voltage |LT137AHVH__LM137HVH | T0-39 50 | 
1.25 | Switching LT1072MK Steel TO-3 40 2 Self Contained 40kHz PWM and 1.25 Amp Switch in a 5-Pin Package 
LT1072HVMK Steel T0-3 60 ; ! 
LT1172MK Stee} T0-3 40 . Self Contained 100kHz PWM and 1.25 Amp Switch in a 5-Pin Package 
LT1472HVMK Steel TO-3 60 i 
1.0 | Dual Pos. Fixed | LT1005MK SteelTO-3 | 20 | Two5V Outputs __| Logic Controlled 1 Amp Main Output Voltage, 35mA Auxiliary Output 
125mA _| Positive LT1020MJ 14Pin CERDIP| 36 41030 Dropout Voltage =0.5V, 40nA Iq, Reference and Comparator 
40mA to | Switched LT1026MJ8 CERDIP 10 =e Voltage Converter, 10mA Output 
100mA_ j Capacitor LT1026MH TO-5 Can 10 mt 
LTC1044Mu8 CERDIP 95 ia Voltage Converter, 40mA Output, 5kHz Switching Rate 
LTC1044MH 70-5 Can 95 vhs 
LT1054MJ CERDIP 16 tt Voltage Converter and Regulator, 100mA Output, 25kHz Switching Rate 
LT4054MH To5Can | 16 | tt 


* The lo values for the 171070, LT1071, LT1072, and 111172 are switch current values. Actual output current, voltage and polarity depends on the type of switching requlator employed. 
** These devices are non-regulating converters. 
Tt The available output voltage range is dependent upon the mode of operation selected. 
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REGULATOR SELECTION GUIDE 


COMMERCIAL 
lo POSITIVE Vo 
OUTPUT oR Vin [NOMINAL REGULATED 
CURRENT] NEGATIVE PACKAGE /MAX) OUTPUT VOLTAGE 
(AMPS)* | OUTPUT* PART NUMBER TYPE () W) FEATURESICOMMENTS 
| 10.0 _ |Pos. Adj. LT1038CK Stee! TO-3 35 1.21033 2% Vout Tol., Plug in Compatible with 317, 350, 338. 
75 — |Pos. Fixed ILT1083CK5 Steel TO-3 35 5 Low Dropout (1.2V), 1% Vout Tol. 
LT1083CP-5 PlasticTO-3P =| 36 5 Low Dropout (1.2V), 1% Vout Tol. 
LT1083CK-12 Steet TO-3 12 Low Dropout {1.2V), 1% Vout Tol. 
LT1083CP-12 Plastic TO-3P 12 Low Dropout (1.2V), 1% Vout Tol. 
Pos. Adj. LT1083CK Steel 10-3 1.21029 Low Dropout (1.2) Pin Compatible with 317, 350, 338 Types 
LT1083CP Plastic TO-3P 1.21029 _| 
5.0 |Pos. Fixed LT1003CK Steel 10-3 20 a 2% Vout Tol. 
LT1084CK-5 Steel TO-3 35 § Low Dropout (1.2), 1% Vout Tol. 
LT1084CP-5 Plastic TO-3P =| 35 5 Low Dropout (1.2V), 1% Vout Tol. 
LT1084CK-12 Steel T0-3 35 12 Low Dropout (1.2V), 1% Vour Tol. 
LT1084CP-12 Plastic TO-3P 35 | 12 Low Dropout (1.2V), 1% Vout Tol. 
Pos. Adj. LT338AK LM338K Steel T0-3 35 1.2t033 LT338A Has 1% Vrer Tol. 
LT1084CK Steel TO-3 30 1.21029 Low Dropout (1.2V) Pin Compatible with 317, 350, 338 Types 
LT1084CP _{Plastic T0-3P 30 1.2to 29 Low Dropout (1.2V) Pin Compatible with 317, 350, 338 Types 
Switching LT1070CK Steel T0-3 40 . ‘Self Contained PWM and 5 Amp cw in <S 
LT1070CT 0-220 40 . 
LTI070HVCK Steel T0-3 60 ‘ ent 
LTA070HVCT 70-220 60 te 
3.0 |Pos. Fixed LT323AK LM323K Steel T0-3 20 Ls a oF 9 
LT323AT 0-220 20 re) 
LT4085CK-5 ‘Steel TO-3 38 
LT1085CT-5 TO-220 3% 
LT1085CK-12 Steel TO-3 \ s 
LT1085CT-12 TO-220 12 
Pos. Adj. LT350AK LM350K 03 c 1.21933 
LT350AT  LM35OT i f 1 
Steel TO-3 1. Low Dropout (1.2V) Pin Compatible with 317, 350 Types 


Plastic TO; 


1.2029 


LT1086CT 


1.2 to 34 


Neg. -12to -37 2% Vrer Tol. 
Dual Pos. FixediLT1035C eel TO-3 20 Two5V Outputs —_|Logic Controlled Main Output Voltage, 75mA Auxiliary Output 
70-220 20 
Positive Steel T0-3 30 12,5 Logic Controlled 12V, 3A Output, 5V, 75mA Auxiliary Output 
1036CT TO-220 30 12,5 
25 — |Switching LT10710K Steel TO-3 40 - Self Contained PWM and 2.5 Amp Switch in a 5-Pin Package 
LT1071CT 70-220 40 
LT1071HVCK Steel T0-3 60 * 
LT1071HVCT TO-220 60 - = 
Pos. Fixed LT1086CK-5 Steel TO-3 36 5 Low Dropout (1.2V), 1% Vout Tol. 
LT4086CT-5 70-220 35 5 Low Dropout (1.2V), 1% Vout Tol. 
LT1086CK-12 Steel TO-3 35 12 Low Dropout {1.2V), 1% Vout Tol. 
LT1086CT-12 70-220 35 1. 12 Low Dropout (1.2V}, 1% Vout Tol. 
0.5to 1.5 }Pos. Adj. TETI7AK LMB17K Steel TO-3 \ 40 1.21037 LT317A Has 1% Vrer Tol. 
LT317AH_~=LM317H 0-39 40 
LT317AT = LM317T TO-220 40 
LT1086CK KN) 1.21034 Low Dropout (1.2V), 1% Vaee Tol. 


Pin Compatible with 317 Types 


Neg. Adj. LT337AK —LM337K Stee! T0-3 -1.2to -37 LT337A Has 1% Veer Tol. 
LT337AH_~LM337H 70-39 40 
LT337AT__LM337H TO-220 40 
Pos. Adj. LT317AHVK —LM317HVK |Steel TO-3 60 1.21057 LTSI7HV Has 1% Veer Tol. 
High Voltage [LT317AHVH__LM317HVH/TO-39 60 
Neg. Adj. LT337AHVK —LM337HVK jSteel TO-3 50 -1.2to - 47 LT337HV Has 1% Veer Tol. 
{High Voltage |LT337AHVH__LM337HVH/TO-39 50 
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TECHNOLOGY 


REGULATOR SELECTION GUIDE 


a 


COMMERCIAL 
lo | POSITIVE Vo [ 
OUTPUT OR Vin [NOMINAL REGULATED 
CURRENT) NEGATIVE PACKAGE (MAX! OUTPUTVOLTAGE 
(AMPS)* | QUTPUT* | = PARTNUMBER | TYPE Wy) ) FEATURESICOMMENTS 
1.25 |Switching LT1072CK Steel TO-3 40 * Self Contained 40kHz PWM and 1.25 Amp Switch in a 5-Pin Package 
LT1072CT Plastic T0-220 | 40 * 
LT1072HVCK Steel TO-3 60 * 
LT1072HVCT Plastic TO-220 | 60 * 
1T1072CN8 8 Pin DIP 40 * 
LT1172CK Steel TO-3 49 = Self Contained 100kHz PWM and 1.25 Amp Switch in a 5-Pin Package 
LT1172CT Plastic T0-220 | 40 * 
LT1172HVCK Steel TO-3 60 * 
LT1172HVCT Plastic TO-220 | 60 . 
| LT1172CN8 _|Plastic 8 Pin DIP | 40 | . 
1.0  |Dual Pos. Fixed|LT1005CK Steel TO-3 2 Two5V Outputs —_|Logic Controtled Main Output Voltage 
|LT1005CT TO-220 20 
125mA_ | Positive LT1020CJ 14PinCERDIP | 36 4to 30 Dropout Voltage = 0.5V, 40,A la, Reference and Comparator 
LT1020CN 14Pin Plastic 36 41030 
LT1020CS 8 Pin Plastic SOL} 36 41030 
LT11200J8 8 Pin CERDIP 3% 41030 Dropout Voltage = 0.2V, 40A la, Reference, Coy ‘or, Shutdown, 8 Pin Package 
LT1120CN8 8 Pin Plastic DIP | 36 41030 45 
LT1120CH |8PinT0-5 36 4to30 
40mA to |Switched LT1026CJ8 CERDIP 10 - [Voltage Convertes 1 t 
100mA {Capacitor LT1026CN8 Plastic DIP 10 he 
LT1026CH TO-5 Can 10 co 
LTC1044CJ8 CERDIP 95 ‘olt nverter, c Out e 
LTC1044CN8 Plastic DIP 95 "* 0 
LTC1044CH TO-5 Can 9 us 
LTC1044CS8 Plastic SO \ oP 
LT105408 Pde f A nd Regulator, 100mA Output, 25kHz Switching Rate 
LT1054CN8 = i 
*t Can 
Plastic \ 


fent values, Actual output current, voltage and polarity depends on the type of switching regulator employed. 


* The orate (1071, 171072, and . 
** These device n-reguiating a. 
tt The available output “Oe jon Nv mode of operation selected. 


MILITARY COMMERCIAL FEATURES 
SWITCHING REGULATORS LT1070MK LT1070CK Current Mode 40kHz PWM with Self-Protected 5 Amp Switch on 
LT1070HVMK LT1070HVCK the Same Chip, Capable of Operation in Flyback, Boost, Buck- 
Boost, and ’CUK Converters. 
LT1071MK LT1071CK Current Mode 40kHz PWM with Self-Protected 2.5 Amp Switch on 
LT1071HVMK LT1071HVCK the Same Chip, Capable of Operation in Flyback, Boost, Buck- 
—- om Boost, and ‘CUK Converters. 
QO; ce LT1072MK LT1072CK Current Mode 40kHz PWM with Self-Protected 1.25 Amp Switch on 
0 LT1072HVMK =——LT1072HVCK the Same Chip, Capable of Operation in Flyback, Boost, Buck- 
Boost, and 'CUK Converters. 
LT1172MK LT1172CK Current Mode 100kHz PWM with Self-Protected 1.25 Amp Switch 
LT1172HVMK LT1172HVCK onthe Same Chip, Capable of Operation in Boost, Buck-Boost, and 
CUK Converters. 
LT10700T Current Mode 40kHz PWM with Self-Protected 5 Amp Switch on 
LT1070HVCT the Same Chip, Capable of Operation in Flyback, Boost, Buck- 
Boost, and *CUK Converters. 
LT1071CT Current Mode 40kHz PWM with Self-Protected 2.5 Amp Switch on 
LT107tHVCT the Same Chip, Capable of Operation in Flyback, Boost, Buck- 
Boost, and ’CUK Converters. 
LT1072CT Current Mode 40kHz PWM with Self-Protected 1.25 Amp Switch on 
LT1072HVCT the Same Chip, Capable of Operation in Flyback, Boost, Buck- 
Boost, and "CUK Converters. 
L11172CT Current Mode 100kHz PWM with Self-Protected 1.25 Amp Switch 
LT1172HVCT on the Same Chip, Capable of Operation in Boost, Buck-Boost, and 
CUK Converters. 
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REGULATOR SELECTION GUIDE 


MILITARY COMMERCIAL FEATURES 


SWITCHING REGULATORS] 171072 Current Mode 40kHz PWM with Self-Protected 1.25 Amp Switch on 
the Same Chip, Capable of Operation in Boost, Buck-Boost, and 


CUK Converters in an 8-pin miniDIP package. 
minha LT1172CN8 Current Mode 100kHz PWM with Self-Protected 1.25 Amp Switch 


on the Same Chip, Capable of Operation in Boost, Buck-Boost, and 


L CUK Converters in an 8-pin miniDIP package. 
SWITCHED CAPACITOR CONVERTERIREGULATORS| LT1026MH LT1026CH 10mA Output 
LT1044MH LTC1044CH 40mA Output, 5kHz Switching Rate 
om LT1054MH LT1054CH 100mA, 25kHz Switching Rate, Voltage Regulated Output 
00 0 00 
LT1026MJ £T1026CJ8 10mA Output 
LT1026CN8 
nie LTC1044MJ LTC1044Cu8 40mA Output, 5kH2 Switching Rate 
LTC1044CN8 
LT1054MJ LT1054CJ8 100mA Output, 25kHz “eat cS 
POSITIVE FIXED LT1083MK-5 LT1083CK-5 5V, 7.5A Low Dropout 
LT1083MK-12 LT1083CK-12 12V, 7.5A Low Dropo! 
LT1084MK-5 LT1084CK-5 5V, 5A Low Dri cent 
LT1084MK-12 LT1084CK-12 
LT1085MK-5 LT1085CK-5 


LTHOB5MK-12 -LT1085C LOW sta ow 
LTOBBMKS LT i 15 Low Drop gr 
LT1086MK: 12,18 
un LE 10050K 4c 

LTa2AK Pam 


a rt 3%, SAMp 
LT1005MK Dual Output Regulator with 5V 1 Amp Logic Switchable Output 
and Auxiliary 5V 
E 36mA Output 
19 K LT1035CK Dual Output Regulator with 5V 3 Amp Logic Switchable Output 
and Auxiliary 5 
75mA Output 
LT1036MK LT1036CK Dual Output Regulator with 12V 3 Amp Logic Switchable Output 
and Auxiliary 5V 
75mA Output 
LT1008CT Dual Output Regulator with SV 1 Amp Logic Switchable Output 
and Auxiliary 5V 
35mA Output 
LT1035CT Dual Output Regulator with 5V 3 Amp Logic Switchable Output 
and Auxiliary 5V 
75mA Output 
LT1036CT Dual Output Regulator with 12V 3 Amp Logic Switchable Output 
and Auxiliary 5V 
75mA Output 
LT1083CP-5 5V, 7.5A Low Dropout 
LT1083CP-12 12V, 7.5A Low Dropout 
LT1084CP-5 5V, 5A Low Dropout 
LT1084CP-12 12V, 5A Low Dropout 
LT1003CP §V+2%,5Amp 
LT323AP 5V+1%,3Amp 
LM323P 5V+3%,3Amp 
LT1085CT-5 5V, 3A Low Dropout 
LT1085CT-12 12V, 3A Low Dropout 
LT1086CT-5 5V, 1.5A Low Dropout 
LT1086CT-12 12V, 1.5A Low Dropout 
LT323AT 5V+1%, 3 Amp 
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REGULATOR SELECTION GUIDE 


MILITARY COMMERCIAL FEATURES 
POSITIVE ADJUSTABLES LT1038MK LT1038CK 10 Amp 
LT1083MK LT1083CK 7.5 Amp Low Dropout 
LT1084MK LT1084CK 5 Amp Low Dropout 
LT138AK LT338AK 5 Amp 1% Reference 
LM138K LM338K 5 Amp 
Ca ° LT1085MK LT4085CK 3 Amp Low Dropout 
H 235.9 LTI50AK LT350AK 3 Amp 1% Reference 
LM150K LM350K 3 Amp 
LT1086MK LT1086CK 1.5 Amp Low Dropout 
UM117AK LT317AK 1.5 Amp 1% Reference 
LM117K LM317K 1.5Amp 
LT117AHVK LT317AHVK 1.5 Amp 1% Reference, Hi Voltage 
LM117AHVK LM317AHVK 1.5 Amp, Hi Voltage 
LT117AH LT317AH 0.5 Amp 1% Reference 
Lrg LM117H LM317H 0.5 Amp 
LM117AHVH LT317AHVH 0.5 Amp 1% Reference, Hi Voltage 
cag LM117HVH LM317HVH 0.5 Amp, Hi Voltage 
LT1120CH Micropower, Ultra Low Dropout Regulator with 2.5V Independent 
fs LT1120CS Reference and Comparator, and Output Shutdown in 8 Pin 
Nin Package z 
LT1083CP 
LT1084CP 


LT338AP 


oF 


1710200) 


ALP 


Ys, ence, and Voltage Comparator on Same Chip. 


T1120CJ8 Micropower, Ultra Low Dropout Regulator with 2.5V Independent 
LT1120CN8 Reference and Comparator, and Output Shutdown in 8 Pin 
Package 
LT1085CT 3 Amp Low Dropout 
re) LT350AT 3 Amp 1% Reference 
_ LM350T 3Amp 
LT1086CT 1.5 Amp Low Dropout 
LT317AT 1.5 Amp 1% Reference 
LM317T 1.5Amp 
NEGATIVE ADJUSTABLES LT137AK LT337K 1.5 Amp 1% Reference 
LM137K LM337K 1.5 Amp 
= Boe LT137AHVK LT337AHVK 1.5 Amp 1% Reference, Hi Voltage 
0 ° LM137HVK LT337HVK 1.5 Amp, Hi Voltage 
LT1033MK LT1033CK 3 Amp 2% Reference 
LT137AH LT337AK 0.5 Amp 1% Reference 
LM137H LM337H 0.5 Amp 
LT137AHVH LT337AHVH 0.5 Amp 1% Reference, Hi Voltage 
LM137HVH LM337HVH 0.5 Amp, Hi Voltage 
—J ____. LT1033CP 3Amp 2% Reference 
r LT337AT 1.5 Amp 1% Reference | 
[ —r LM337T 1.5 Amp 
— LT1033CT 3 Amp 2% Reference 
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nN LT1003 


TECHNOLOGY 5 Volt, 5 Amp 
Voltage Regulator 
FEATURES DESCRIPTION 
= Guaranteed 2% Initial Tolerance of output voltage The LT1003 is a5 amp version of the popular LM123 
# 5 Amp Output Current 5V regulator. In addition to higher output current, it of- 
s 40 Watt Capability fers improved line regulation and an initial output volt- 
= Full Internal Overload Protection age tolerance of + 2%. These tightened specifications 
= 100% Burn-in in Thermal Limit ease design and application problems several ways: 
safety margin is improved, error budgets on other 
parts of the system are expanded, and output voltage 
loss due to long supply runs can be better tolerated. 
APPLICATIONS aise 
The LT1003 incorporates Linear Technology’s ad- 
: Sel Gr vanced design, process and test techniques for im- 
= Lab Suppli a proved quality and reliability over similar device 
= instrumentation Supplies types. Specifically, all devices are burned in by short- 


ing the outputs, thereby forcing the regulator into its 

current limit and eventually, thermal limit mode. This 

ensures that all device protection features are ra 
working. 


LL 


Standard 5 Voit Regulator Load Regulation * 


50 —- 


QUTPUT VOLTAGE CHANGE (MV) 


OUTPUT CURRENT (AMPS) 


* The LT1003 has load compensation to cancel the effects of voltage 
loss in the output lead. This results in a nominal “zero” toad regulation. 
The shaded band shows typical production spread. 
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LT1003 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Input Voltage ................0...000, 20 Volts 
Power Dissipation ............. Internally Limited eee ORDER PART NO. 
Operating Junction Temperature Range LT1003CK 
LT1008M .................., —55°C to 150°C 
LT1008C .........0.0 0, 0°C to 125°C a 
Storage Temperature Range 
LT10038M .................. —65°C to 150°C 
LT1003C ...............08. —65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)...... 300°C 
PRECONDITIONING 


100% Burn-in in Thermal Limit 


ELECTRICAL CHARACTERISTICS (See Note 1) 


LT1003M LT1003¢ 
im OTYP 


SYMBOL | PARAMETER __| eonormions min TYP MAX | MAX UNITS 
Vout Output Voltage T; = 25°C, Vin =. 7.5V, lour = 0 v 


49 5.0 5.1 49 5.0 5.1 


T.5V < Vy < 15V 
0 < Ipyr < 5A, P < 30W 48 V 
AVour Line Regulation T; = 25°C, 7.5V < Vy < 15V mV 
AV _|e Note 1) +t 
AVourt Load Regulation Tj = 25°C, Vin = 7.5V 
Alout 0 25 100 25 100 mV 
Thermal Regulation Ty = 25°C, 20 msec pulse 0.005 0.02 0.005 0.02 S/W 
lo Quiescent Current 12 20 12 20 mA 
en Output Noise Voltage 40 40 uVins 
Ise Short Circuit T + 
Current Limit a 5 8 5 8 A 
7 9 7 9 A 
Long Term Stability of Output 
Voltage 35 36 mv 
O40 Thermal Resistance Junction to 


Case 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Load and line regulation are tested with pulsed low duty 
cycle techniques where pulse width < imsec and duty cycle < 5%. 
Note 2: Tin = —55°C for the LT1003MK and 0°C for LT1003CK. 
Tmax = 150°C for LT1003MK and 125°C for LT1003CK. 
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LT1003 


TYPICAL PERFORMANCE CHARACTERISTICS 


Minimum Input-Output 


Voltage Differential Output Voltage Temperature Drift Peak Available Output Current 
10 
2.6 “— - 5.15 | ale 
=S 24 -— T= -56°C 4 
= ; \ _ 5.10 | - ; 
2 22 - = i a 
5 5.05 T = = 6 
2 20 F = 
= 5.00 = § 
E 18 5 & 4 | 
3 = 4.95 f#—+—| 8 
e& 16 => 
2 ° 490 }-—-+ : 
214 é | 2 
1.2 4.85 T +— 
0 1 2 3 4 5 —50-25 0 25 50 75 100 125 150 2 4 6 8 10 12 14 16 18 20 
OUTPUT CURRENT (AMPS) TEMPERATURE (°C) INPUT VOLTAGE (VOLTS) 
Suggested Heat Sink Suggested Heat Sink 
Output Impedance Thermal Resistance (LT1003C) Thermal Resistance (LT1003M) 
i = = 19 : — =] 19 
— 6 ‘ ; ae FoEB 6 
C=-1F = —— 171003 LT1003M 
ar | — Bae 
SOLID TANT = = 
\ S Het 3 
SF 0.1 = a ae Ta - 25°C w 2 
s = Z 4 2 Ta = 50°C 
z eas : 2 od 
w Cy = 10,F ie as Ta = 75°CN TF," c0°0 = ae 
20.01 SOLID TANT Zz” f zz” 
2 0A Zz 04 Ta = 75°C 
= 7 2 i Ta - 100°C 4 
t = 0.2 ml 0.2 
0.001 | 0.1 ml | 0.1 
10 100 1k 10k 100k 1M 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 
FREQUENCY (Hz) POWER DISSIPATION (WATTS) POWER DISSIPATION (WATTS) 
Output Noise Voltage Ripple Rejection Line Transient Response 
100 ESE: <1 75 T oe 
Vn = 100 tt = 5.0 
@ or = 058 CH a sf 2) 
2 & 8 wS es 
= Cour = 1 uF 2 ge 
3 Flow = 1 Hz S a5 0 
8 10 id By -2.5 
a & 5x 
2 2 $3 50 
g i 2 55 
2 + ‘ SE 10 — 
J 
o 
| mil : 
100 tk 10k 100k 1 10 100 1k 10k 100k 1M 0 1 2 3 4 5 
BANDWIDTH (Hz) 1 POLE ROLLOFF FREQUENCY (Hz) TIME (us) 
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LT 1003 
TYPICAL PERFORMANCE CHARACTERISTICS 


Load Transient Response Quiescent Current 
14 
oo [YN 10V T= ~$5°C 
Bo «| Ty = 25°C 
zs j \ 12 
5S 7 = 10 5 
z PAC. = 10 uF 
SOLID TANTALUM 8 |— 
—0.2 
6 
= 8 
2 g 
5 2 
5 
0 0 
QO 1 2 3 4 5 0 4 8 12 16 20 
TIME (us) INPUT VOLTAGE (V} 


TYPICAL APPLICATIONS 


Adjustable Regulator 0-10V @ 5A 


12V < Vy < 20V Vout 


Cn 
2uF fs 
SOLID — 
TANTALUM 10pF 
TANTALUM 


V—- (—10V to —20v) = 
NEED NOT BE REGULATED 


ts 
12 mA 


C1 = OPTIONAL — IMPROVES RIPPLE REJECTION, NOISE AND TRANSIENT RESPONSE 


*R6 = 
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LT1003 


TYPICAL APPLICATIONS 


Crowbar Protectiontt 


OUTPUT CROWBAR 


% — THE 6.4V ZENER IS INTERNAL TO THE LT 1003. 


%* Q1 MUST BE ABLE TO WITHSTAND CONTINUOUS CURRENTS 
OF 8A IF ADDITIONAL SYSTEM SHUTDOWN IS NOT USED. 


+ Q2 MUST WITHSTAND LARGE SURGE CURRENTS UNTIL THE 
8A FUSE BLOWS. PEAK SURGE CURRENT IS LIMITED ONLY 
BY FUSE, WIRING, AND FILTER CAP RESISTANCE. 


+t TRIP POINT IS APPROXIMATELY 7.3V. 


Bypass Capacitors 


The LT1003 does not require an output capacitor for 
resistive loads. For almost ail applications, however, a 
1uF or larger solid tantalum capacitor is used on the 
output within 2” of the regulator. This greatly improves 
the output impedance of the regulator at high frequen- 
cies. For critical applications where very low imped- 
ance is required at high frequencies, a 10,F solid 
tantalum output capacitor is recommended. Total out- 
put capacitance may be increased without limit, either 
local or distributed. 


A 2uF or larger input capacitor (solid tantalum) must 
be added if the regulator is more than 4” away from the 
large filter capacitor in the input supply. A 25yF alumi- 
num capacitor may be substituted for the tantalum 
unit. 


Avoiding Ground Loops 


For best regulation, the ground pin of the LT1003 
should be tied directly to the load point as shown be- 
low. This prevents excess drop in load voltage caused 
by load current flowing through the ground return 
lead. This is essentially a Kelvin connection for the 


low side of the regulator. A Kelvin connection cannot 
be made for the high output of the regulator because 
only three pins are available on the package. There- 
fore, every attempt should be made to minimize the re- 
sistance between the output pin of the regulator and 
the load. #18 gauge hookup wire has a resistance of 
0.006 ohms per foot. This translates to 0.6% change 
in load voltage at full load current. The LT1003 is 
specified at 2% maximum load regulation, so one foot 
of wire represents a significant loss of regulation. lf 
connectors are used, careful consideration must be 
given to contact resistance, especially if the connector 
is subjected to nasty ambients, vibration, or multiple 
insertions. 


KEEP THIS RESISTANCE LOW 
(<0.0052) 


THIS RESISTANCE DOES NOT 
CONTRIBUTE TO LOAD REGULATION 


HI CURRENT PATH 


Va mis 
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TYPICAL APPLICATIONS 


Raw Supply 


Transformer, diode, and capacitor selection for the 
raw supply to the LT 1003 is very important because of 
the conflicting requirements for reliability, efficiency, 
and resistance to “brown-out” conditions. High sec- 
ondary voltage on the transformer will cause unneces- 
sarily high power dissipation in the regulator. Too low 
a secondary voltage will cause the regulator output to 
drop out of regulation with only a small reduction in 
AC mains voltage. The following formula gives a good 
Starting point for transformer selection. This formula 
assumes a full-wave center tapped transformer, using 
two rectifier diodes. 


Vewe = { Yount Yoo + Vrect + Vair) Vom (1.1) 
= V2 Viow . 


(secondary 
each side) 


lams = (lout) (7.2) 


where: 
Vour = 5V 
Vpo = Minimum input-output differential of the 


regulator 


“1.1 is a nominal load regulation factor for the 
transformer 


Vrect = Rectifier forward drop at 3loyr 


Vaip == ¥2 p-p capacitor ripple voltage 
(5.3 X 107) (lour) 
Var © a) 


Vyom = Rated line voltage for the transformer 
(RMS) 


Viow = Lowest expected line voltage (RMS) 
lour = DC output current 


Example: loyt = 4A, Vout = 5V 
Assume: Vpo = 2.5V, Vrect = 1.1V,C = 12,000uF 
Vom = 115V, Viow = 105V 


— (5:3 x 107%) (4) 


Ve = 0.88V 
2(12 x 107%) 
_ (5425+ 11+ 0.88 115 
Vams = (eset ) (+2) (1.1) 
= 8.08 Vans 


The filter capacitor should be at /east2000uF per amp 
of load current to minimize capacitor heating and rip- 
ple voltage. The diodes should be rated at 8-10 amps 
even though their average current is only 2.5A at full 
rated load current. The reason for this is that although 
the average current is 2.5A, the RMS current is typi- 
cally twice this value. In addition, the diode must with- 
stand very high surge currents during power turn-on. 
This surge can be 10-20 times the DC rating of the 
supply, depending on capacitor size and wiring resis- 
tance and inductance. 
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LT1003 


PACKAGE SACHRGEDGUMPION axa Mann | (°C! Dimensions in inches (millimeters) unless otherwise noted. 


K Package TO-3 STEEL Metal Can 


0.760—0.775 


(19.304 — 19.685) 
0.325—0.350_ 
(8.265 —8.890) ADCS 
eam (2946) 


— seATING PLANE 
0.420—0.480 | 
(10.668 — 12.192) 0.038 —0.043 
(0.965— 1.092) 
[imax 
1,177—1.197 
LT1003MK| 150° c 5° a1890 —30.402) 
1003 °C =] 35°C/W | 1.5°C/W (29.896 — 30.404) 0.660 —0.670 
0.210—0.220 (16.764 — 17.018) 
(6.334—5.588) 


i 
' 0.168 —0.178 
—— Oj : RTYP 
(4.267 —4.521 
(@—- - BY! ) 
—ol 2 MOUNTING HOLES 
0.425—0.435 i 0.161—0.161 


(10.795 — 11.049) (3.835 -- 4.089) 
DIA 


0.490—-0.510 
{12.446— 12.954) 
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INOLOGY 


LINC j \D, LT1005M/LT 1005C 


TECHNOLOGY Logic Controlled Regulator 


FEATURES DESCRIPTION 
= Two Regulated Outputs The LT 1005 features two positive 5 volt regulators in 
+5V at 1 amp the same package. The main regulator offers excellent 
+5V at 35mA performance while supplying load currents up to 1 
= 2% Output Voltage Tolerance amp, and the auxiliary regulator provides similar per- 
= 66 dB Ripple Rejection formance while supplying lighter loads of 35mA. The 
= 0.5% Load Regulation main regulator has the additional feature of being un- 
= TTL and CMOS Compatible Logic Control der the shutdown control of a logic signal. When the 
= 100% Thermal Burn-in On All Devices enable pin is taken to a low logic level, the main regu- 


lator shuts down and its output voltage goes to near 
zero volts. During this command, the auxiliary output 
is unaffected by the main regulator’s condition and 
continues to provide a 5 volt output. 


APPLICATIONS 
The main output has current and power limiting com- 
= Power Supply Sequencing bined with thermal shutdown to make it virtually blow- 
= Remote On/Off Power Control out proof. The auxiliary output is not affected by the 
= Selective System Power During Emergency Power thermal shutdown mechanism or the state of the main 
Operation output, allowing it to be used as a back-up in case of 
= Memory Power Supply With Back-Up overloads or shorts on the main supply. 
The logic input of the 71005 (enable pin) has a 1.6V 
threshold and can be driven from a high source imped- 
ance. This allows it to be driven by most logic families, 
including TTL & CMOS. 
Functional Diagram Switching Characteristics 


+5V eV 
VIN ov 


ENABLE 


LOGIC ~\ 


OUTPUT VOLTAGE 


+5V 
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LT 1OO5M/LT 1005C 
ABSOLUTE MAXIMUM RATINGS 


Power Dissipation ............. Internally Limited 
Input Voltage (Viy) ............ 00. eee ee eee 20V 
Enable Voltage (Ven) .........0000cc eee ee 20V 
Operating Junction Temperature 
LT1005M .........0000.0000,. —55°C to 150°C 
LT1005C ............. 0... 0°C to 125°C 
Storage ................08. —65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)...... 300°C 


PRECONDITIONING: 


100% Burn-in in thermal limit 


PACKAGE/ORDER INFORMATION 


BOTTOM VIEW 


LT1005MK 
LT1005CK 


LT1005CT 


LT1005M LT1005¢ 
SYMBOL MIN TYP MAX MIN TYP MAX UNITS 
Vo Output Voltage | 49 5.0 5.1 49 5.0 §.1 V 
7.4V < Vy < 20V | 
High Py < 10W @| 48 5.0 5.2 48 5.0 5.2 Vv 
OmA < Ip < 1A 
| i 
7.2V < Vy < 20V | 
lb =0 ie 01 03 Ot. 08 |: v 
AVo Load Regulation 7.5V < Vy < 15V 
Alo OmA < ly < 1A (Note 2) e 5 25 5 25 mV 
t | 
AVo Line Regulation 7AV < Vy < 20V 0.3 2 0.3 2 mviV 
AVin (Note 2) 
Ripple Rejection 50Hz < f < 500Hz 66 66 | dB 
Thermal Regulation APg = 10W (Note 4) 0.005 0.02 0.005 0.02, %/W 
Io Available Load Current 7.4V < Vy < 15V I 1 17 1 1.7 A 
Vin = 20V 0.7 1.3 0.7 1.0 { A 
Isc Short Circuit Current 7.0V < Vy < 15V 1.5 2.5 1.5 2.5 A 
Vin = 20V 1.2 2.0 1.2 2.0 A 
Vin Minimum Input Voltage to Maintain | (Note 5) Ir 
Regulation ly = 0.2A 65 69 65 V 
lo = 1.0A 7.0 75 7.0 I Vv 
Quiescent Current 
Output High 2 4 2 4 mA 
Output Low 15 a 15 4 mA 
Thermal Resistance : 3 4 3 4 | °c/w 
Junction to Case T0-220 3 5 °C/W 


LT1005M/LT 1005C 


a 


ELECTRICAL CHARACTERISTICS — AUXILIARY REGULATOR 
(See Note 1) 


LT1C05M 


LT1005C 


SYMBOL PARAMETER CONDITIONS Min TYP MAX MIN TYP MAX UNITS 
Vo Output Voltage T, = 25°C 49 5.0 5.1 49 5.0 5.1 v 
7.0V < Vy < 20V 
OmA < Ip < 35mA 48 5.0 48 5.0 5.2 Vv 
AVo Load Regulation 7.0V < Vy < 20V 
Alo OmA < Ip < 35mA 5 5 15 mV 
(Note 2) 
AVo ~ bine Regulation T.0V < Vw < 20V mv/V 
AVN (Note 2) 
Ripple Rejection < f < 500Hz dB 
Isc Short Circuit Current < Vy < 20V mA 
Vin | Minimum Input Voltage to Maintain 
Regulation V 
V 


1T1005C 


SYMBOL TvP 


Ven 


PARAMETER 
Enable Threshold Voltage 


CONDITIONS 
7.0V < Vy < 20V 


T, = 28°¢ V 

Vv 

Enable Pin Current Ven < 1V pA 
(See Note 3) 

Ven = 2.4V uA 


The @ denotes the specifications which apply over the full operating Note 3; When the enable pin is at a low logic level, current flows out 
temperature range. of the enable pin. 

Hote 1: Unless otherwise indicated, these specifications apply for Note 4: Pulse length for this measurement is 20msec. 

Vin = V0V, lp = OmA, and Ty = 25°C. Note 5: Input Voltage is reduced until output drops by 100mV from its 
Note 2: Line and load regulation are measured using a low duty cycle initial value. 

pulse, causing little change in the junction temperature. Effects due 

to thermal gradients and device heating must be taken into account 

separately. 
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LT1005M/LT 1005C 


TYPICAL PERFORMANCE CHARACTERISTICS 


Minimum Input-Output Differential 
of Main Output 


INPUT-OUTPUT VOLTAGE (V) 


QUTPUT CURRENT (A) 


Short Circuit Output Current 


SHORT CIRCUIT CURRENT (A) 


6 8 110 12 #1 #6 #@& 20 
INPUT VOLTAGE (V) 


Output Voltage as Function 
of Temperature 


OUTPUT VOLTAGE (V} 


-50 -25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


CHANGE IN Vo (mV) 
1 + 1 


REJECTION (dB) 


INPUT-OUTPUT VOLTAGE (V) 


Minimum Input-Output 
Differential of Auxiliary Output 


OUTPUT CURRENT (mA) 


Load Transient Response 
of Main Output 


a a 

ATT TEIN sii Ml 

iil aU AN AA A 

A Te) a 

Bi ea 
| 

PALIN [i 


10 10k = 100k 


Maximum Available 
Load Current—Main Output 


2.5 


LOAD CURRENT (A) 
an 


0. 1. —+t_t_t 
-50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


Line Transient Response 
of Main Output 


CHANGE IN Vo (mV) 
1 + I 


TIME («sec) 


Output impedance 


1.0 
lout = 200mA. 
Vn=10¥ a t 

f 


A a 


Cour = 1uF| 


= 104F. 
+. 


IMPEDANCE (2) 
S 
§ 


100 1k 10k 100k 1M 
FREQUENCY (Hz} 
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LT1005M/LT 1005C 
TYPICAL PERFORMANCE CHARACTERISTICS 


Enable Pin Characteristics Enable Threshold Switching Characteristics 


OUTPUT VOLTAGE 


VOLTAGE (V) 
a 


CURRENT (NORMALIZED) 


1.3 
OV 13°14 15 16 1.7 18 1.9 20V -50 -25 0 25 50 75 100 125 150 


VOLTAGE (VOLTS) TEMPERATURE (°C) TIME (wsec) 


Output Characteristics 
in Low State Output Noise 


—— 
VV < Vw < 15V 


SINK CURRENT (mA) 
NOISE (.V RMS) 


0.2 0.4 0.6 08 1.0 100 =. 300 1k 3k 10k 30k 
OUTPUT VOLTAGE (V) BANOWIDTH (1 POLE) 
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LT 1O005M/LT 1005C 
APPLICATIONS INFORMATION 


General Information 

The LT 1005 is a dual output 5V regulator. The main 
output is capable of delivering up to 1 amp of load cur- 
rent and can be shut down with a logic signal. The 
auxiliary output supplies a minimum of 35mA and is 
unaffected by the logic signal. The outputs are 
trimmed to + 2% initial tolerance and exhibit excellent 
line and load regulation. 


The logic control feature makes the LT 1005 ideat for 
many system applications where it is desirable to 
power up a portion of the system for a period of time 
and then power the system down during a standby op- 
eration. As an example, the LT1005 could be used to 
activate various memory space locations only as 
needed, thus saving substantial power dissipation 
and other cooling costs. The LT1005 could also be 
used to power micro-computers, such as the 8048 se- 
ries. The auxiliary supply can be used for RAM keep- 
alive during power down operation. Additional power 
Savings can be accomplished by using the LT1005 to 
power PROM, EPROM, and EPROM devices. During 
program load, or look-up table operations the ROM 
type device can be activated and its’ contents placed 
in RAM, and then the ROM power can be removed. Or 
for high speed but low power data acquisition sys- 
tems, the power could be applied to fast memory, then 
the data transferred to CMOS memory. The main regu- 
lator can then be shutdown and the CMOS memory 
can be powered by the auxiliary for lower power dissi- 
pation. Other applications, such as multiple power 
supply sequencing, elimination of expensive AC and 
DC power switches, delayed start applications, 
switching 5V DC loads, and many others are now easi- 
ly accomplished. 


Timing functions can also be performed directly at the 
enable pin, such as delayed power-up or power-down. 


Because a logic low on the enable pin shuts down the 
main regulator, feedback from output to enable can be 
used to generate hysterisis or latching functions. 


The low quiescent current drain of the LT1005 makes 
it useful in battery powered or battery back-up appli- 


Cations. The enable pin can be used as a “low bat- 
tery” detector or to shut down major portions of 
system power, allowing memory portions to continue 
to operate from the auxiliary output. At low output cur- 
rents, the auxiliary output will regulate with input volt-. 
age typically as low as 6.1V, giving maximum battery 
life. 


Good design practice with all regulators is to bypass 
the input and output terminals. A 1,F solid tantalum at 
the input and at both outputs is suggested. For the ap- 
plications which follow, the bypass capacitors are still 
recommended, but are not shown on the diagram for 
simplicity. It is also recommended that for maximum 
noise immunity, the voltage enable pin be tied high if it 
is unused. It can be tied directly to Viy as shown in 
Figure 1, or to the auxiliary output. If the enable pin is 
left open, it will float to a high logic level of approxi- 
mately 1.6V and the main output regulator will be at 
5V. 


Figure 1. 


The enable pin is fully protected against input volt- 
ages up to 20 volts, even if the power input voltage is 
zero. 


The basic shutdown control circuit uses a direct gate 
drive or an open collector driver and a pull-up resistor 
which is tied to Vayx as shown in Figure 2. 


Figure 2. 
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Driving the Enable Pin 

The enable pin equivalent schematic is shown in Fig. 3. 
Basically, enable pin current is zero above the threshold, 
and between 2 and 70pA below the threshold, flowing out 
of the pin. Standard logic, such as TTL & CMOS will inter- 
face directly to the enable pin, even if the logic output 
swing is higher than the input voltage (Vin) to the 
regulator. 15V CMOS can be used to drive the enable pin 
even if the regulator is not powered up, without loading 
the CMOS output. 


Figure 3. 


| 2-70pA 


+V ENABLE 


Timing functions, such as delayed power-up or power- 
down can be implemented by driving the enable pin 
with an RC network. The current flowing out of the en- 
able pin should not be used as the timing current in 
delayed power up applications, as it is temperature 
sensitive and varies somewhat from device to device. 
Instead, a resistor tied to the auxiliary output, the in- 
put, or to a logic signal should be used. The timing re- 
sistor chosen should provide at least 500,.A of current 
to “‘swamp-out” the effects of the internal current. 


Main Output Current/Voltage Characteristics 

Following a high to low transition at the enable pin, the 
main regulator output will begin to drop after a delay of 
approximately 1ysec. With no capacitive load, the 
output will fall to zero in approximately 0.5usec (RL = 
5-1000). With a capacitive load, fall time is limited by 
the RC product of the load and the output capacitance. 
For light loads (R, > 1009), the discharge time is 
controlled by an internal equivalent load of 2000 for 
output voltages down to 1 volt. Below 1 volt, the output 
decays linearly, with a slope equivalent to the load ca- 
pacitance and a pull down current of approximately 
0.5mA. The DC output voltage in the shutdown mode 
is approximately 0.1 volt for input voltages (Vin) up to 


LT1005M/LT 1005C 


15V. If Vin is 20V, the output during shutdown will be ap- 
proximately 0.2V due to an internal current path in the 
regulator (see Figure 4). 


Figure 4. 


Output Characteristics 
in Low State 


wv < YN < 18V 


SINK CURRENT (ma} 


l t= -50°C 
i, 


0.2 0.4 0.6 0.8 1.0 
OUTPUT VOLTAGE (V) 


The user should note that the output in the low state 
can only sink about 0.5mA. If current is forced into the 
output, the output voltage will rise to 0.8V at 1mA and 
above 1V at 10mA. With no output capacitor, the rise 
time of the main output is about 1.5.8. With an output 
capacitor, rise time is limited by the short circuit cur- 
rent of the LT1005 and the load capacitance; 
t, = (C)(5V)/(1.5A). A 1uF output capacitor slows the 
output rise time to approximately 3s and a 10uF out- 
put capacitor slows the output rise time to 30us. 


Output Current 

The main output current limits at about 1.7A for input 
voltages below 19V. Internal foldback, or “power limit- 
ing” circuitry detects the input-output voltage differ- 
ential and reduces current limit for input to output 
voltages exceeding 14V. With 20V input, for instance, 
short circuit current is reduced to = 1.1A. 


An additional feature of the LT1005 is that the auxil- 
iary supply does not incorporate nor is it affected by 
thermal shutdown. Any fault condition of the main 
regulator will not affect the auxiliary output voltage. 


The following applications circuits will serve to indi- 
cate the versatility of the LT 1005. 


a 
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TYPICAL APPLICATIONS 


First-On, Last-Off Sequencing First-On, First-Off Sequencing 


Vin +5V Vw +5V 
+5V +5V 
RS 
68k 


Ton (1) = 50ms 


Ton (2) = 150ms 4 Ee a = sos 
‘on (2) = 


Power Supply Turn-On Sequencing 
+5V 


Ri 
T Cy 15k 
Ton = 0.3 RIC1 


R 
Ta nce 
ty = O0.4R1Cy fa = ty + 0.4 RoC 


Latch-Off for Voy < 4.7V 


Thermal Cutoff at High Ambient Temperature 


+6V 


$1.1k 


* YELLOW SPRINGS #44008, 30k 2 @ 25°C 
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TYPICAL APPLICATIONS 


Proportional Motor Speed Controller High Input Voltage Detection 


TRANSFORMER AND 
Ve RECTIFIER SET 
+ Vin = 9V DC NOMINAL 
+ lak 
ba + 1 nace | 
1 + 
geo TNO = = +5V 
= SET = 
L a Vehutott 
WNO14 gai 5102 m (38v) (22%) 
TACH OUTPUT OFF WHEN 110V AC TRANSFORMER 


SHUTS 
IS OVER VOLTAGED TO 220 VAC. 


Push-On, Push-Off 


F C2 IS LARGER THAN 10uF, C1 SHOULD BE 10k 
INCREASED TO C2/10 


Latch-Off When Output Short Delayed Power Up 


Ves 


+5V 
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LT 1005M/LT1005C 
TYPICAL APPLICATIONS 


Fast Electronic Circuit Breaker 


Battery Voltage Sensing Circuit 


Memory Save-on-Power-Down 


Vin 2 7.5V 


iM311 u 


2.2k 


1N914 


The auxiliary output powers the memory, while the main 
output powers the system and is connected to the memory 
store pin. When power goes down, the main output goes 
low, commanding the memory to store. The auxiliary output 


then drops out. 
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TYPICAL APPLICATIONS 


Line Dropout Detector 


TO SECONDARY 
OF AC 
POWER 
TRANSFORMER 


1N4148 
x4 


10 Amp Regulator with Current and Thermal Protection 


MJ15004 
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SCHEMATIC DIAGRAM 


PACKAGE DESCRIPTION 


TO-220 PACKAGE (5 LEAD) 


100—.120 ” . 
2.54--3.008 


t 


480-800 
11,684 — 12.7 620 710 
" | 15746 = Ta.03a 
880~ 91 
22.362—23.114 yet 
970— 1.050 
S10~.610 
14.478 — 16.494 24,638 ~ 26.670 rf 
- ei fa ,080 
0620.72 4 0 
030~- 040 013 -~ 026 
762 = 1.016 3302 — 
* 170~ 180 
4.318 = 4.572 
327 — 335, 
8.306 8.509 


T575— 16.260 


385 ~ 370 


045 ~ 085 
9017— 9,598 1 


re 


1143 = 1.997, 


4-Pin Metal Package Similar to JEDEC TO-3 


1.581 (39.40) 
1.831 (38.69) 


TN9.38) 
20317. 44) wi 
279 16.93) 


t ‘SEATING 
hae it 
421 (10.69) | ] i 
067 (1,70) 
min max 
Bad (1.04) 
0.37 (940) “ 


1.197 (30.40) 
V.TT (29,90) 


O75 (17.14) 
055 (16.64) 


40 (11,18) 
“a0 (10.67) 


078 191.94) 
our” 
CRCLE 


$05 (13.34) 
max 


Ali dimensions in inches bald and millimeters (parentheses) 


150°C 
125°C 
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TECHNOLOGY 


FEATURES 


= 40uA Supply Current 

mw {25mA Output Current 

® 2.5V Reference Voltage 

= Reference Output Sources 1mA and Sinks 0.5mA 
= Dual Output Comparator 

= Comparator Sinks 10mA 

= Dropout Detector 

= 0,2V Dropout Voltage 

= Thermal Limiting 

@ Available in SO Package 


APPLICATIONS 


= Battery Systems 

# Battery Backup System 
= Portable Terminals 

= Portable Instruments 


LT1020 


Micropower Regulator 
and Comparator 


DESCRIPTION 


The LT1020 is a combination micropower positive regula- 
tor and free collector comparator on a single monolithic 
chip. With only 40uA supply current, the LT1020 can supply 
over 125mA of output current. Input voltage range is from 
4.5V to 36V and dropout voltage is 0.6V at 125mA. Dropout 
voltage decreases with lower load currents. Also included 
on the chip is a class B output 2.5V reference that can ei- 
ther source or sink current. A dropout detector provides an 
output current to indicate when the regulator is about to 
drop out of regulation. 


The dual output comparator can be used as a comparator 
for system or battery monitoring. For example, the com- 
parator can be used to warn of low system voltage while 
the dropout detector shuts down the system to prevent 
abnormal operation. Frequency compensation of the com- 
parator for amplifier applications can be obtained by add- 
ing external output capacitance. Dual output or positive 
and negative regulators can also be made. 


The 2.5V reference will source or sink current. This allows 
it to be used as a supply splitter or auxiliary output. 


5V Regulator 


Dropout Voltage and Supply Current 


1.00 10 


DROPOUT VOLTAGE (V) 
bad 
ra) 

(yw) LNSHHND AlddNS 


0.01 0.1 
0.1 1 10 100 1000 
QUTPUT CURRENT (mA) 


LY Wie 


4-29 


LT1020 


ABSOLUTE MAXIMUM RATINGS 
INPUE VONAGE... ice ckis cae eves ovidadivacievanens 36V 


PACKAGE/ORDER INFORMATION 


TOP VIEW 
NPN Collector Voltage........scscseseeseseeeceses, 36V r m eee 
PNP Collector Voltage .............c.cceeee Supply - 36V Vour BROPOU: DETECTOR 
Output Short Circuit Duration.........00..00... Indefinite Vin DO NOT USE 
Power Dissipation................000, Internally Limited REF OUT[a] LT1020 FEEDBACK LT1020MJ 
Operating Temperature Range COMP PNP [5] CURRENT LIMIT LT1020CJ 
ET AO20G sic isetlestaeeetonsh aac nad tees 0°C to 100°C ComP NPN [6 } [9] anp LT1020CN 
LT1020M oo... cece esc ce ees eeeeeeens ~ 55°C to 125°C +INPUT —tNPUT ALSO AVA 
Storage Temperature Range J14 PACKAGE HERMETIC DIP if = sHingictey 
LT1020C,M oo... ce cee cee eee ee ee eee e es ~ 65°C to 150°C NUS PAGKAGE ELASTIC'DIE 
ELECTRICAL CHARACTERISTICS ;, = 25°c 
PARAMETER CONDITIONS _| MIN TYP MAX { UNITS 
Reference 
Reference Voltage \‘ 4.5V<Viy s36V 2.46 2.50 2.54 7 
Line Regulation [ 45v<Vy<36V [001 0015 | %N 
Load Regulation —0.5MA sine < 1MA, Vin = 12V 0.2 0.3 % 
Output Source Current Vin = 5V i 1 4 “| mA 
Output Sink Current r Viy=5V | 0.5 2 mA 
Temperature Stability L _| 1 4 % 
Regulator 
Supply Current T Vin = 8V, fours 100nA 45 80 pA 
Viy = 36V, loyr< 100 pA 75 120 2A 
Vin = 12V, loys = 125mA e 11 20 | mA 
Output Current (Vin-Vour)21V, Vin 26V 125 mA 
Load Regulation (Vy Vour)> 1V, Viy=6V a | 02 06 % 
Line Regulation | BV <Vins36V 0.01 0.015 %IV 
Dropout Voltage lour = 100A f | 002 0.05 V 
| _lgyp=125mA 0.4 0.65 \ V 
Feedback Sense Voltage Vin = 12V 2.44 25 2.56 7 
Dropout Detector Current AVoyt= ~ 0.05V 3 20 nA 
Feedback Bias Current 15 40 nA 
Minimum Load Current Vin = 36V | _| 1 5 pA 
Short Circuit Current Vin = 36V 250 360 mA 
Pin 9 and Pin 10 shorted, Viy = 4.5V 3 30 mA 
Comparator 
Offset Voltage OV <Voy $35V, Viy = 36V [i —— 7 mV 
Bias Current OV < Vows 35V, Vin = 36V | a 15 40 L nA 
Offset Current OV s Voy <35V, Vin = 36V 4 15 nA 
Gain-NPN Pulldown el AVoyr = 29V, Ri = 20k | 2000 10000 | VN 
Common Mode Rejection OV s Voy s35V, Vin = 36V 80 94 dB 
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ELECTRICAL CHARACTERISTICS 
T 


PARAMETER CONDITIONS Vis MIN a TYP al MAX UNITS 
Comparator 
Power Supply Rejection | 48Vs Vg <36V 80 96 7 zi dB 
Output Sink Current I Vin = 4.5V 10 18 ay mA 
NPN Saturation Voltage lor = 1mA 04 T 06 Ne v 
Output Source Current “ft 60 200 L pA 
Input Voltage Range iz 0 Vin-1 | V 
Response Time LL 5 ps 
Leakage Current (NPN) I a 2 i pA 
ELECTRICAL CHARACTERISTICS 
PARAMETER CONDITIONS [wn] we | Max (| __ UNITS 
Reference 
=n 

Reference Voltage 4.5V <Vin<36V 2.40 eal 2.50 2.55 v 
Line Regulation | 4.5V<Vw<36V 0.01 \ 0.02 %IV 
Load Regulation 4 —0.5MA <Iper s IMA, Vin = 12V 0.3 iq 0.4 ~ | % 
Output Source Current Vin = 5V mA 
Output Sink Current Vin=5V mA 
Regulator 
Supply Current Vin =6V, lors 100A 

Vin = 36V, lours 100pA pA 

Vin = 12V, lout = 125mA 
Output Current (Vin-Vour)21V, Vin=6V 
Load Regulation (Vin—Vour)2 1V, Vin26V 
Line Regulation 6V<Vins36V 
Dropout Voltage lour = 100pA 

lour = 125MA 
Feedback Sense Voltage Vin = 12V 
Dropout Detector Current Ve. AVoyt = — 0.05V 
Feedback Bias Current 
Minimum Load Current Vin = 36V 
Short Circuit Current Vin = 36V 

Pin 9 and Pin 10 shorted, Viy = 4.5V mA 
Comparator 
Offset Voltage OV s = Voys35V, Vin =36V | aa 10 _| mV 
Bias Current OV < Voy s35V, Vin = 36V (Note 1) 15 60 nA 
Offset Current OV <Voys35V, Vin =36V i _{| 20 T nA 
Gain-NPN Pulldown AVoyr = 29V, R, = 20k 1000 L_ = VN 
Common Mode Rejection OV s Voy s35V, Vin = 36V 80 = dB 
Power Supply Rejection _| 4.5V<V5<36V 80 i [ dB 
Output Sink Current Vin=4.5V (Note 2) 5 . 10 L [ma 
Output Source Current e 40 he 120 LL pA 
Input Voltage Range e 0 | Vin-1 shes V 
Leakage Current (NPN) Vin= 36V e [8 pA 
The @ denotes the specifications which apply over full operating tempera- Note 1: For OV <Voy<0.1V and T>85°C | bias max is 100nA. 
ture range. Note 2: For T,< — 40°C output sink current min is 2.5mA. 
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PIN FUNCTIONS 


Pins 1, 12, 14—No internal connection. 

Pin 2—Regulator Output. Main output, requires 10uF out 
put capacitor. Can be shorted to Viy or ground without 
damaging device. 

Pin 3—Input Supply. Bypass with 10uF cap. Must always 
be more positive than ground. 

Pin 4—Reference. 2.5V can source or sink current. May be 
shorted to ground or up to 5V. Voltages in excess of 5V 
can damage the device. 

Pin 5—Comparator PNP Output. Pull up current source for 
the comparator. May be connected to any voltage from Vin 
to 36V more negative than Viy (operates below ground). 
Short circuit protected. For example, if Vix is 6V then pin 5 
will operate to - 30V. 

Pin 6—Comparator NPN Output. May be connected to any 
voltage from ground to 36V more positive than ground 
(operates above Vin). Short circuit protected. 


Pins 7, 8—Comparator Inputs. Operates from ground to 
Vin- 1V. Comparator inputs will withstand 36V even with 
Vin of OV. 

Pin 9—Ground. 

Pin 10—Current Limit. Connecting this pin to ground de- 
creases the regulator current limit to 3mA min. Leave open 
when not used. 

Pin 11—Feedback. This is the feedback point of the reg- 
ulator. When operating, it is nominally at 2.5V. Optimum 
source resistance is 200k to 500k. The feedback pin should 
not be driven below ground or more positive than 5V. 

Pin 13— Dropout Detector. This pin acts like a current 
source from Vin which turns on when the output transistor 
goes into saturation. The magnitude of the current 
depends on the magnitude of the output current and the 
input-output voltage differential.Pin current ranges from 
5yA to about 300zA. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Regulator Load Regulation 


Supply Current 


Regulator Short Circuit Current 
350 


Ty= —55°C TO 
i 


425° 


300 


SUPPLY CURRENT (mA) 


QUTPUT VOLTAGE CHANGE (%) 


SHORT CIRCUIT CURRENT (mA) 


01 1 10 100 1000 


OUTPUT CURRENT (mA) 


REGULATOR OUTPUT CURRENT (mA) 


Q 
100 1000 —50 —10 110 150 


30 70 
TEMPERATURE (°C) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Dropout Voltage 
1 
S AVoyt = 100mV 
z 
= | 
a Hi 
& 
re Tih Tl 
r=) 
5 
& 0.1 iH 
a Eran 
ica 
S| i 
2 +444 
& Mh 
a Ltt ont manITiil 
# 
0.01 
01 ile 10 400 1000 


REGULATOR OUTPUT CURRENT (mA) 


Dropout Detector Current 


DROPOUT DETECTOR CURRENT (nA) 


_—— 
Aa RED 
—a 
-—f 
fo 
[| 

10 


70 


65 ir 
lout=100mA 
_ 60t-+H “—L 
a 
2 
Z 55 ari 
= Jout=10mA 
= 50 
a 
Wy 45 H 
& tour=1mA 
= 40 EViy=t0voc, 1 
Wp-p 
36 LVour=5V 
Cour = 10pF 
go Lee 
10 100 1k 10k 100k 
RIPPLE FREQUENCY (Hz) 


REGULATOR INPUT-OUTPUT DIFFERENTIAL (V) 


DROPOUT DETECTOR CURRENT (pA) 


SUPPLY CURRENT (mA) 


0.01 


Dropout Voltage 


OROPOUT DETECTOR =SpA 


Ht 
enn 


afl 
x 


Ye Tam 
Tit Tl 
ce 


re 


Dropout Voltage 


rE 


HM 


aul 
LIM 


thi 
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a TUT 


it 


mn 
i 
1000 


REGULATOR OUTPUT CURRENT (mA) 


Dropout Detector Current 


A i 


0 0.1 


Supply Current 


INPUT-OUTPUT DIFFERENTIAL (V) 


1 10 100 
REGULATOR OUTPUT CURRENT (mA) 


Regulator Minimum Load Current 


LF —-4 a | 
ee ed a a 
Ss en A 7 | 
a ER ES RE Pa ES 

=z f| 


MINIMUM LOAD CURRENT (uA) 


0.2 0.3 0.4 0.5 0.6 70 80 «690 100 110 120 130 140 150 
REGULATOR INPUT-OUTPUT DIFFERENTIAL (V) TEMPERATURE (°C) 
Supply Current at Dropout 
10 — 
Ty= —55°C TO 125°C - — 
Jour = 100mA 
ox 9 
—€ 1 === 
L el _- 
z =e i 
< Jour=10mA 
(=) 
| 
& 0.1 
Ba 1 oyt=1mA = 
Ty= —55°C TO 125°C 
BEE oni 
10 20 25 0 0.1 0.2 0.3 0.4 0.5 0.6 


15 
REGULATOR INPUT-OUTPUT DIFFERENTIAL (V) 


REGULATOR INPUT-OUTPUT DIFFERENTIAL (V) 


Vagus, 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Reference Regulation Comparator Input Bias Current Feedback Pin Current 
100 40 
3. 90 35 di 
¢ 80 Ty=125°C 
re z = 30 } t- HT y= —55°C 
= 2” Ty= 55°C A 
& a 80 Jao @ P+ 1 
= 
z 3 50 Ty=25°C = 2 
i= a 
t 2 40 | & 15 Ty=25°C 77 
a a 30 fa 
= 2 10 - 1 
rel 20 = 
ia 5 Ty= 125°C iH 
10 
1 Fe LUT LI 
-15 -1.0 ~05 0 0.5 1.0 1.5 -1 -0.6 ~0.2 GND 0.2 0.6 1 0.1 10 100 1000 
REFERENCE OUTPUT CURRENT (mA) COMMON-MODE VOLTAGE (V) REGULATOR OUTPUT CURRENT (mA) 


REFERRED TO PIN 9 (GND) 


Regulator Thermal Regulation 


= 


—— 
Vin=15V 
VouT=5V 


| 
=. 


OUTPUT VOLTAGE CHANGE (%) 
o 


a 
f=) 


° 


OUTPUT CURRENT (mA) 


Q 20 40 60 80 100 120 140 160 180 
TIME (ms) 


LT1020 Turn-On Characteristic 


QUTPUT VOLTAGE (V} 


INPUT VOLTAGE (V) 


APPLICATION HINTS 


The LT1020 is especially suited for micropower system ap- 
plications. For example, the comparator section of the 
LT1020 may be used as a battery checker to provide an in- 
dication of low battery. The dropout detector can shut- 
down the system when the battery voltage becomes too 
low to regulate. Another type of system application for the 
LT1020 would be to generate the equivalent of split sup- 
plies off of a single power input. The regulator section pro- 
vides regulated output voltage and the reference, which 
can both source and sink current is then an artificial sys- 
tem ground providing a split supply for the system. 


For many applications the comparator can be frequency 
compensated to operate as an amplifier. Compensation 


values for various gains are given in the datasheet. The 
comparator gain is purposely low to make it easier to fre- 
quency compensate as an amplifier. Two outputs are 
available on the comparator, the NPN output is capable of 
sinking 10mA and can drive loads connected to voltages in 
excess of the positive power supply. This is useful for driv- 
ing switches or linear regulators off of a higher input volt: 
age. The PNP output, which is capable of sourcing 100A 
can drive loads below ground. It can be used to make 
negative regulators with the addition of an external pass 
transistor. Both outputs can be tied together to provide an 
output that swings from rail-to-rail for comparator or am- 
plifier applications. Although it is not specified, the gain 
for the PNP output is about 500-1000. 
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APPLICATION HINTS 


If the PNP output is being used, to maximize the gain, a 
1-5uA load should be placed upon the NPN output collec- 
tor. This is easily done by connecting a resistor between 
the NPN collector and the reference output. (Providing this 
operating current to the NPN side increases the internal 
emitter base voltages and maximizes the gain of the PNP 
stage.) Without this loading on the NPN collector, at tem- 
peratures in excess of 75°C, the gain of the PNP collector 
can decrease by a factor of 2 or 3. 


Reference 


Internal to the T1020 is a 2.5V trimmed class B output 
reference. The reference was designed to be able to 
source or sink current so it could be used in supply split- 
ting applications as well as a general purpose reference 
for external circuitry. The design of the reference allows it 
to source typically 4 or 5mA and sink 2mA. The available 
source and sink current decreases as temperature in- 
creases. It is sometimes desirable to decrease the AC out- 
put impedance by placing an output capacitor on them. 
The reference in the LT1020 becomes unstable with large 
capacitive loads placed directly on it. When using an out- 
put capacitor, about 200 should be used to isolate the 
capacitor from the reference pin. This 200 resistor can be 
placed directly in series with the capacitor or alternatively 
the reference line can have 202 placed in series with it and 
then a capacitor to ground. This is shown in Figure 1. 
Other than placing large capacitive loads on the 
reference, no other precautions are necessary and the 
reference is stable with nominal stray capacitances. 


REF REF 
4 4 
OUTPUT 0 
200 OR OUTPUT 
+ + 
ae Ty 


Figure 1. Bypassing Reference 


LT1020 


Overload Protection 


The main regulator in the LT1020 is current limited at ap- 
proximately 250mA. The current limit is stable with both 
input voltage and temperature. A current limit pin, when 
strapped to ground, decreases the output current. This al- 
lows the output current to be set to a lower value than 
250mA. The output current available with the current limit 
pin strapped to ground is not well controlled so if precise 
current limiting is desired it should be provided externally 
as is shown in some of the application circuits. 


If the device is overloaded for long periods of time, ther- 
mal shutdown turns the output off. In thermal shutdown, 
there may be some oscillations which can disturb external 
circuitry. A diode connected between the reference and 
feedback terminal provides hysteresis under thermal shut- 
down, so that the device turns on and off with about a 5 
second period and there are no higher frequency oscilla- 
tions. This is shown in Figure 2. This diode is recom- 
mended for most applications. Thermal shutdown tem- 
perature is set at approximately 145°. 


Like most other IC regulators, a minimum load is required 
on the output of the LT1020 to maintain regulation. For 
most standard regulators this is normally specified at 
5mA. Of course, for a micropower regulator this would be 
a tremendously large current. The output current must be 
large enough to absorb all the leakage current of the pass 
transistor at the maximum operating temperature. It also 
affects the transient response; low output currents have 
long recovery times from load transients. At high operat- 
ing temperatures the minimum load current increases and 


*DIODE ADDS FEEDBACK 


Figure 2. Minimizing Oscillation in Thermal Shutdown 
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APPLICATION HINTS 


having too low of a load current may cause the output to 


go unregulated. Devices.are tested for minimum load cur- 
rent at high temperature. The output voltage setting resis- 
tors to the feedback terminal can usually be used to pro- 


vide the minimum load current. 


Frequency Compensation 


The LT1020 is frequency compensated by a dominant pole 
on the output. An output capacitor of 10F is usually large 
enough to provide good stability. Increasing the output 
capacitor above 10uF further improves stability. In order to 
insure stability, a feedback capacitor is needed between 
the output pin and the feedback pin. This is because stray 
capacitance can form another pole with the large value of 
feedback resistors used with the LT1020. Also, a feedback 
capacitor minimizes noise pickup and improves ripple 
rejection. 


With the large dynamic operating range of the output cur- 
rent, 10000:1, frequency response changes widely. Low AC 
impedance capacitors are needed to insure stability. 
While solid tantalum are best, aluminum electrolytics can 
be used but larger capacitor values may be needed. 


The CURRENT LIMIT pin allows one of the internal nodes 
to be rolled off with a 0.05uF capacitor to ground. With this 
capacitor, lower values of regulator output capacitance 
can be used (down to 1yF) for low (<20mA) output 
currents. Values of capacitance greater than 0.05yF 
degrade the transient response, so are not recommended. 


If the CURRENT LIMIT pin is connected to GND, the cur- 
rent limit is decreased and only a 1,F output capacitor is 
needed. 


When bypassing the reference, a 200 resistor must be con- 
nected in series with the capacitor. 


TYPICAL APPLICATIONS 


Regulator With Output Voltage Monitor 


LOGIC OUTPUT 


LOGIC OUTPUT GOES LOW WHEN 
Vout DROPS BY 100mV 
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TYPICAL APPLICATIONS 


Compensating the Comparator as an Op Amp 1 Amp Low Dropout Regulator 


VIN 


MJE2955 


AT Av=100, 


SLEW RATE = +0.05V/ps 
Sans Vour 5V 
ee 20yF t 
ai a Ce 0.001 pF Al 22041 
as 
= = a ib *FOR CURRENT LIMIT 
Ay RI C1 c2 R2 => = = = = 1.54: 
1 330 O0.1pF | 0.00IpF Os — tMUST HAVE LOW 
10 1002 0,047yF = 100k ey SEVERAL 100pF 
100 = 10k = (0.002yF - 10k CAPACITORS CAN BE 
PARALLELED. 
5V Regulator Regulator with improved Transient Response 


—5V REG 10mA 


ew 


—Vin 
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TYPICAL APPLICATIONS 


Dual Output 150mA Regulator Maintaining Lowest lq at Dropout 
Vin > 5.2 


0.001 
" 


100k 100k 


eae OO “TRANSISTOR USED BECAUSE OF LOW LEAKAGE CHARACTERISTICS 


“FOR TEMPERATURES GREATER THAN 70°C 
2N3904 REDUCE 51k RESISTORS TO 15k. Ig WILL 
INCREASE. 


0.0047 pF 


Dual Output Positive Regulator 


Viy= 12.3V 


2N2907 


TeVoyr 


0.001 pF 


Battery Backup Regulator 


Vout 


By 3 MAIN 


BATTERY _3 POWER 


INPUT 


INTERNAL PARASITIC 
DIODES OF 111020 


Vin Vout 
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TYPICAL APPLICATIONS 


5V Regulator with Shutdown 


LOGIC INPUT 


“TRANSISTOR USED BECAUSE OF LOW LEAKAGE CHARACTERISTICS. 
TO TURN OFF THE OUTPUT OF THE LT1020 
FORCE FB (PIN 11) > 2.5V. 


Turn Off at Dropout 
Rt R2 
1.5M 1M 


Vin 


OUTPUT 


OUTPUT TURNS OFF 
AT DROPOUT. OUTPUT 
O01 HE TURNS ON WHEN: 


VINXR2 _ 9 sy 
R1+R2 


Current Limited 1 Amp Regulator 


2.2k 0.59" 


“SETS CURRENT 
LIMIT BUT INCREASES 
DROPOUT VOLTAGE BY 
0.5V. 


tMUST HAVE LOW 
ESR. SEVERAL 100,F 
CAPACITORS CAN BE 
PARALLELED. 
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TYPICAL APPLICATIONS 


1 Amp Regulator with Current Limit 


Vin 
12V 


9 ynatas 


tMUST HAVE LOW 
ESR. SEVERAL 100F 
CAPACITORS CAN BE 
PARALLELED. 


Logic Output on Dropout 


Vin 
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TYPICAL APPLICATIONS 


Charge-Pump Negative Voltage Generator 


Vout 
{—) 
- 1N5819 20uF 
Vour (NL) = —(Vin- 1V) OR EQUIVALENT J7 
Voyr (5mA) = —(Vin—3V) 
1g=300uA a 


Charge-Pump Voltage Doubler 


51k Vout (NL) =2Vjy—1V 
Vout (SMA) = 2Viy —3V 
+ 1g=300nA 
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TYPICAL APPLICATIONS 


50mA Battery Charger and Regulator 


Viy MUST BE GREATER THAN THE 
BATTERY VOLTAGE PLUS 1.3V 


Switching Preregulator for Wide Input Voltage Range 


7,5 TO 30V 


2N3904 SWITCHING T POST REG. 
veg ASM igs REGULATOR OUTPUT | | 
ont a. wt 2, 3 
Vin ao sya 100mA 
111020 22yF 

COMPARATOR 

= { 
I 
220k | 
| 
220k | 
| 


MAINTAINS LOW Iq (<100yA) ey Bt an ES ah 
FOR ALL INPUT VOLTAGES 

SWITCHER EFFIC. = 85% 

POST REG. EFFIC. =82% 

OVERALL EFFIC. = 70% 

SWITCHING REGULATOR OUTPUT = 
2.5x(1-+Ra/Ra). FOR A CLEAN OUTPUT 
FROM THE LINEAR REGULATOR SET TO Vgyr+1.2V = 


uj 
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SCHEMATIC DIAGRAM 
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BLOCK DIAGRAM 


REFERENCE 


CURRENT 
OUTPUT LIMIT 
Vin 
PNP OUT {5 | OUTPUT 
NPN OUT | 6 | 73] DROPOUT 
DETECTOR 


NON- 
INVERTING 


INVERTING [8 | 


FEEDBACK 


GROUND 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted 


J14 Package 


N14 Package 
Hermetic DIP Plastic DIP 


0.025 
(0.635) 
RAD TYP 


0.250 2 0.005 
0.220-0.310 


0.220-0.310- (6.35020.127) 
(5:596— 7.874) 
2a) Anno, 1 
0.055 DIA NOM WENT 
(397) 
™” 0.900 0.320 
(7.62078.128) 
0.200 0.040 
Gow) oom (1.016) 0.065 
0.125. (0.508) ius (1.651) 
0.015 0.060 8175) MIN wey t 
(0.381 — 1.524) MIN (3.302 0.127) 
. t —e eat 
9.008 0.015 
(0203-0.384} 


ie 0.009-0.015 0.075 0.015 0.918 0.003 
0.385 + 0.025 0.018.+ 0.003, 0.10020.010 (@.228-0.381) .90520.381; {0.457 0.076) 
Is mea arco >| be Sa pa 0.125, +0.005 
0,060 « 0.020 aie 0.325“ o.015 9.100 0.010 
11-5244 0.508} Gan 738) 


(2.540 +0 264) 


iA 
130°C/W 


0.381) 


Tjmax yA Timax 
150°C 80°C/W 
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TECHNOLOGY 


FEATURES 


® 40yA Supply Current 

@ 125mA Output Current 

® 2.5V Reference Voltage 

= Reference Output Sources 1mA and Sinks 0.46mA 
= Dual Output Comparator 

™ Comparator Sinks 10mA 

® Dropout Detector 

= 0.2V Dropout Voltage 

= Thermal Limiting 

® Electrical Shutdown 


APPLICATIONS 


= Battery Systems 

= Battery Backup System 
® Portable Terminals 

w Portable Instruments 


Micropower Regulator 
and Comparator 


DESCRIPTION 


The LT1020 is a combination micropower positive reguia- 
tor and free collector comparator on a single monolithic 
chip. With only 40zA supply current, the LT1020 can supply 
over 125mA of output current. Input voltage range is from 
4.5V to 36V and dropout voltage is 0.6V at 125mA. Dropout 
voltage decreases with lower load currents. Also included 
on the chip is a class B output 2.5V reference that can ei- 
ther source or sink current. A dropout detector provides an 
output current to indicate when the regulator is about to 
drop out of regulation. 


The dual output comparator can be used as a comparator 
for system or battery monitoring. For example, the com- 
parator can be used to warn of low system voltage while 
the dropout detector shuts down the system to prevent 
abnormal operation. Frequency compensation of the com- 
parator for amplifier applications can be obtained by add- 
ing external output capacitance. Dual output or positive 
and negative regulators can also be made. 


The 2.5V reference will source or sink current. This allows 
it to be used as a supply splitter or auxiliary output. 


5V Regulator 


Vin>5.2V 


1q=40yA Vout 


LT1020 


FB 


Dropout Voltage and Supply Current 


1.00 i : -: 10 
Ht 


DRGPGUT VOLTAGE (V 
a 
Ss 

(yw) INZWYND AlddNS 


0.4 
0.4 1 10 100 1000 
OUTPUT CURRENT (mA, 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Input Voltage.............. 
NPN Collector Voltage...... 
PNP Collector Voltage...... 
Output Short Circuit Duration 
Power Dissipation.......... 
Operating Temperature Range 
Storage Temperature Range 


eid send e ee Supply - 36V 


indefinite 
Internally Limited 
Wandaceeaa sed 0°C to 100°C 
~ 65°C to 150°C 


TOP VIEW 


$16 PACKAGE 
PLASTIC SOL 


ORDER 


PART NUMBER 


NC 

OROPOUT DET. 
SHUTDOWN 
FEEDBACK 
CURRENT LIMIT 
GND 

— INPUT 


LT1020CS 


PART MARKING 


LT1020CS 


ELECTRICAL CHARACTERISTICS 1,-25°c 


PARAMETER aa CONDITIONS | MIN | TYP MAX UNITS 
Reference 
Reference Voltage 4.5V<Vys36V 246 | 250 2.54 V 
Line Regulation 4.5V <Viy <36V | 0.01 0.015 YIN 
Load Regulation —0.5mA <Iper<1MA, Viy = 12V 0.2 0.3 % 
Output Source Current Vin = 5V 1 r 4 mA 
Output Sink Current Vin =5V 0.5 2 L mA 
Temperature Stability LT 1 | % 
Regulator 
Supply Current ai Vin =6Y, loyrs 1002A ) 45 80 7 pA 
Vin = 36V, lout < 100 pA 75 120 pA 
Vin = 12V, Jor = 125mA a 20 mA 
|___Viv<36V Shutdown 50 A 
Output Current (Vin—Vour)=1V, Vin=6V 12 | mA 
Load Regulation (Vin — Vour)=1V, Vin=6V is 0.2 | 0.5 % 
Line Regulation 6V s Vy s36V 0.01 0,015 %IN 
Dropout Voltage loyr = 100pA 0.02 0.05 V 
loyr= 125mA [04 0.65 Vv 


Feedback Sense Voltage 
Dropout Detector Current 


AVout = - 0.05V 


Feedback Bias Current 
Minimum Load Current Vin = 36V 
Short Circuit Current Viy = 36V 

Pin 11 and Pin 12 shorted, Vy = 4.5V 
Comparator 
Offset Voltage OV <Voy <95V, Vin = 36V | 3 7 mV 
Bias Current OV <Voys35V, Vin = 36V 15 49 nA 
Offset Current OVs Voy <35V, Vin = 36V 4 15 nA 
Gain-NPN Pulldown AVout = 28V, Ry = 20k 2000 | 10000 al VW 
Common Mode Rejection OV<Voy <35V, Viy=36V g | 96 dB 
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ELECTRICAL CHARACTERISTICS 1,-25°c 


PARAMETER le CONDITIONS MIN TYP ‘i MAX UNITS 
Comparator 
Power Supply Rejection 4.5V <V5 <36V ‘| 80 96 [_ dB 
Output Sink Current Vin =4.5V 10 re 18 ie 1 mA 
NPN Saturation Voltage lour= 1mA i ee V 
Output Source Current =i 60 200 _ ao pA 
Input Voltage Range 0 Vin-1 V 
Response Time ihe 5 _| ps 
Leakage Current (NPN) _| 2 pA 
ELECTRICAL CHARACTERISTICS 
PARAMETER [____ CONDITIONS MIN TYP MAX oh UNITS 
Reference 
Reference Voltage 4.5V s Vin s36V e 2.40 sr 2.50 2.55 V 
Line Regulation | 45VsVys36V e 0.01 0.02 [_ %v 
Load Regulation —0,5MA sleeps 1MA, Vin = 12V e HIE 0.3 0.4 % 
Output Source Current Vin = 5V e 1 | mA 
Output Sink Current Vin=5V _le 0.5 _ | mA 
Regulator 
Supply Current Vin = 8V, lout s 100A e 65 95 pA 
Vin= 36V, louts 100pA e 85 120 pA 
Vin = 12V, lour = 125MA e 1 20 mA 
Output Current (Vin~Vour)2 1V, Vin26V e 125 mA 
Load Regulation Wy Vour)= 1V, Vin2=6V at | Sa 1 % 
Line Regulation 6VsVins36V e 0.02 %IV 
Dropout Voltage loyr = 100nA e 0.06 V 
lour= 125mA __|e i. aie _|___ 085 ae! 
Feedback Sense Voltage Vin = 12V e 2.38 2.5 2.57 Vv 
Dropout Detector Current AVoyr = — 0.05V | el|_ 3 eae pA 
Feedback Bias Current e 50 Le nA 
Minimum Load Current Vin = S6V e is 50 pA 
Short Circuit Current Vin = 36V le i 240 360 mA 
Pin 11 and Pin 12 shorted, Viy = 4.5V ee; 2a | 39% jo mA 
Comparator 
Offset Voltage OVE = Vous 35V, Vin = 36V ~ le 10 mV 
Bias Current [ov eVous35V, Viy =36V (Note 1) e = ies 15 60 nA 
Offset Current OV s Voy s35V, Vin = 96V e 20 nA 
Gain-NPN Pulldown AVout = 29V, Ri = 20k e 1000 | VV 
Common Mode Rejection OV <Voy <35V, Vin = 36V e 80 4 =| dB 
Power Supply Rejection 4.5V <V5s36V e 80 ae dB 
Output Sink Current Vin= 45V fe[ 5 10 mA 
Output Source Current e 40 120 vane pA 
Input Voltage Range el. 0 |___Vin -1 V 
Leakage Current (NPN) Vin = 36V e 8 me pA 


The @ denotes the specifications which apply over full operating tempera- 


ture range. 


Note 1: For OV <Vpys0.1V and T >85°C | bias max is 100nA. 
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PIN FUNCTIONS 


Pins 1,8, 9, 16—No internal connection. 

Pin 2—Regulator Output. Main output, requires 10uF out- 
put capacitor. Can be shorted to Vin or ground without 
damaging device. 

Pin 3—Input Supply. Bypass with 10,F cap. Must always 
be more positive than ground. 

Pin 4—Reference. 2.5V can source or sink current. May be 
shorted to ground or up to 5V. Voltages in excess of 5V 
can damage the device. 

Pin 5—Comparator PNP Output. Pull up current source for 
the comparator. May be connected to any voltage from Vin 
to 36V more negative than Vin (operates below ground). 
Short circuit protected. For example, if Vin is 6V then pin 5 
will operate to - 30V. 

Pin 6—Comparator NPN Output. May be connected to any 
voltage from ground to 36V more positive than ground 
(operates above Vin). Short circuit protected. 


Pins 7, 10—Comparator Inputs. Operates from ground to 
Vin- 1V. Comparator inputs will withstand 36V even with 
Vin of OV. 

Pin 11—Ground. 

Pin 12—Current Limit. Connecting this pin to ground de- 
creases the regulator current limit to 3mA min. Leave open 
when not used. 

Pin 13—Feedback. This is the feedback point of the reg- 
ulator. When operating, it is nominally at 2.5V. Optimum 
source resistance is 200k to 500k. The feedback pin should 
not be driven below ground or more positive than 5V. 

Pin 14—Shutdown. Logic high turns the regulator output 
off. Shutdown threshold is 1.4V and impedance is 65kQ. 
Pin 15—Dropout Detector. This pin acts like a current 
source from Vin which turns on when the output transistor 
goes into saturation. The magnitude of the current 
depends on the magnitude of the output current and the 
input-output voltage differential.Pin current ranges from 
5yA to about 300pA. 
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(Y LINEAR 1088 
TECHNOLOGY 3A. Negative Adjustable 


Regulator 
FEATURES DESCRIPTION 
= Guaranteed 1% Initial Voltage Tolerance The LT1033 negative adjustable regulator will deliver 
« Guaranteed 0.015%/V Line Regulation up to 3 Amps output current over an output voltage 
= Guaranteed 0.02%/W Thermal Regulation range of —1.2V to —32V. Linear Technology has 
= 100% Burn-in in Thermal Limit made significant improvements in these regulators 


compared to previous devices, such as better line and 
load regulation, and a maximum output voltage error 


of 1%. 
The LT1033 is easy to use and difficult to damage. In- 
APPLICATIONS ternal current and power limiting as well as true ther- 
mat limiting prevents device damage due to overloads 
= Adjustable Power Supplies or shorts, even if the regulator is not fastened to a heat 
= System Power Supplies sink. 
= Precision Voltage/Current Regulators 
= On-Card Regulators Maximum reliability is attained with Linear Technol- 


ogy’s advanced processing techniques combined with 
a 100% burn-in in the thermal limit mode. This as- 
sures that all device protection circuits are working 
and eliminates field failures experienced with other 
regulators that receive only standard electrical 
testing. 


ee SS SS 


Precision Regulator + Current Limit 


(11004-2.5V 


OUTPUT CURRENT (A) 
wo 


—Va 


—Vour 


IMPROVED LINE & LOAD REGULATION ** 


Ri 0 —— —— 
* = ome 
Re = 575 our — 3.75) 0 5 10 1 20 2 30 35 


** REGULATION IS IMPROVED BY a INPUT-OUTPUT DIFFERENTIAL (V) 


t EXTERNAL LT1004 REFERENCE IMPROVES 
LINE, LOAD, AND THERMAL REGULATION 
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ABSOLUTE MAXIMUM RATINGS PRECONDITIONING 


Power Dissipation ............. Internally Limited 100% THERMAL LIMIT BURN-IN 

Input to Output Voltage Differential .......... 35V 

Operating Junction Temperature Range PACKAGE/ ORDER INFORMATION 
LT1033M Co ree ee ee ee —55°C to 150°C BOTTOM WEW FRONT VIEW 
ET A033G' gusc2.. tc achisiretasiviectoates 0°C to 125°C ——<— 

LT1033MK 

Storage Temperature Range B oy 
LTH033M oo... eee cce cee eee ~65°C to 150°C ae - si 
LTAQS 86! cst iacwes se aks —65°C to 150°C CASES T PACKAGE 

Lead Temperature (Soldering, 10 sec.)...... 300°C rota LT10330T 


ELECTRICAL CHARACTERISTICS (See Note 1) 


LT1033M LT1033C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS 
Veer Reference Voltage WVin—Vour! = 5V, lou = 5mA,]s 
Tj = 25°C — 1.238 —1.250 —1.262 | — 1.238 — 1.250 — 1.262 V 
¢ + 
3V <|Vw — Vour| <35V 
5mA < loys < Imax, P< Puax @| — 1.215 — 1.250 ~ 1,285 1.200 — 1.250 — 1.300 Vv 
AVour _| Load Regulation 40mA < lout < Imax, (See Note 2) | | 
Alout T, = 25°C, |Vour| < 5V 10 50 10 50 mV 
T, = 28°C, |Vour| = 5V 02 1.0 0.2 1.0 % 
|Vour | < 5V e 20 75 20 75 mV 
|Vour| > 5V e 0.4 15 0.4 15 % 
AVout Line Regulation 3V < |Viw—Vour| < 35V, (See 
AVin Note 2) 
Tj = 28°C 0.005 0.015 0.01 0.02 %/V 
e 0.01 0.04 0.02 (0.05 %/V 
Ripple Rejection Vour = —10V, f = 120Hz T | 
Caps = 0 56 66 60 dB 
Caps = 10uF 70 80 66 7 dB 
—T 7 + 
Thermal Regulation Tj = 25°C, 10msec Pulse 0.002 0.02 0.002 0.02 %/W 
lang Adjust Pin Current e 65 100 65 100 HA 
Alana Adjust Pin Current Change TOMA < out < Imax 4 e| 0.2 2 05 2 | nA 
3V_< |Vin—Vour| < 35V e 140.5 2 5 uA 
Minimum Load Current |Viw—Vour| < 36V 25 5.0 2.5 5.0 mA 
|Vin—-Vour| < 10V 12 3.0 | 12. 3.0 [es mA 
Isc ‘|Current Limit Var Yout < 10V, (See Note 2) 3 43 6 3 43 6 A 
in Vout] = 35V, 
T, = 26°C 0.5 1.3 2.5 5 1.3 2.5 A 
AV Temperature Stability of Output 
ATem Voltage Tun s T < Tmax e 0.6 1.5 0.6 1.5 % 
AVout Long Term Stability Ta = 125°C, 1000 Hours 0.3 1.0 0.3 1.0 % 
ATime | 
en = RMS Output Noise Ta = 25°C, 10Hz < f < 10kHZ 0.003 0.003 % 
(4 of Vour) Si) i | 
Osc Thermal Resistance T Package 4 °C/W 
Junction to Case K Package [ 12 2.0 12 20 °C/W 
The @ denotes the specifications which apply over the full operating Note 2: Testing is done using a pulsed low duty cycle technique. See 
temperature range. Otherwise T; = 25°C. thermal regulation specifications for output changes due to heating 
Note 1: Unless otherwise indicated, these specifications apply: effects. Load regulation is measured on the output pin at a point 1/8” 
[Vin — Vour! = 5V; and lout = 5mA. Power dissipation is internally below the base of the package. 


limited. However, these specifications apply for power dissipation up 
to 30W. See guaranteed minimum output current curve. Imax = 3A. 


4-50 LI Wye 


LT1033 


TYPICAL PERFORMANCE CHARACTERISTICS 


Dropout Voltage 
= 
2 
E 
Fa 
3 
fa) 
E 
3 
5 
a 
z 
0.5 1.0 15 2.0 2.5 3.0 
OUTPUT CURRENT (A) 
Ripple Rejection 
100 — | 
80 
oa 
= 60 
Zz 
i=} 
7 
2 
wa =40 
# 
a 
x Vin-Vout ~ 5V 
& 20 |b = 500mA 
t= 120Hz 
Tj = 25°C 
0 {ot oa es 
0 -~10 -20 -30 -40 
OUTPUT VOLTAGE (V) 
Output Impedance 
101 ——— 
Vin = —15V 
Vout = - 10V: 
iL = 500mA —}— i 
400 


OUTPUT IMPEDANCE (a) 
3S 
a 


10-2 
[— a ase = 
10-3 
10 100 tk 10k 100k 1M 
FREQUENCY (Hz) 


1.270 


1 


REFERENCE VOLTAGE (V) 
is 
3 


.260 


1.240 


1.230 
-75-50-25 0 25 50 75 100 125 150 


RIPPLE REJECTION (dB) 


OUTPUT VOLTAGE 
DEVIATION (V) 


INPUT VOLTAGE 
CHANGE (V) 


100 


80 


60 


40 


20 


Temperature Stability 


——~ 


— 


TEMPERATURE (°C) 


Ripple Rejection 


S 
Vin = -—15V il " 
F Yout = —10V “ 
h, = 500mA 
Tj = 25°C 
= 1 
10 100 1k 10k =: 100k. iM 
FREQUENCY (Hz) 


Line Transient Response 


| Vout = - 10V 

IL ~ 5O0mA 
Tj = 26°C 
CL = tu 


CURRENT (mA) 


RIPPLE REJECTION (dB) 


OUTPUT VOLTAGE 
DEVIATION (v) 


LOAD CURRENT (A) 


Minimum Load Current 


0 10 20 30 40 
INPUT-OUTPUT DIFFERENTIAL (V) 


Ripple Rejection 


TTT 


100 


foe) 
ta) 


2 
f=) 


4o |-~+ Hi 


Vin - - 18V 
20 [Vout = -10v 
t= 120Hz 
Tj = 25°C 
0 ee ee Se Lit 
0.01 04 1 10 


OUTPUT CURRENT (A) 


Load Transient Response 


0.6 T | 
0.4 Capy - 0 E [ 
0.2 4 a aa . 
: = Cap = 10.F : 
-02 mode ine 
-0.4 _ 
-0.6 + 
0 4 —Vin= -15V _] 
Vout = — 10V 
-0.5 INL = 50mA "1 | 
-~1.0 Tj- 25°C _ 
C= IF 
~1.5 | 
0 10 20 30 40 
TIME (48) 


LIT WR 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Guaranteed Minimum 


Load Regulation’ 


Output Current 


Adjustment Current 


0.8 - a ~ Seeley ae 


i 
60 ff fp Po 


OUTPUT CURRENT (AMPS) 


ADJUSTMENT CURRENT {uA) 


OUTPUT VOLTAGE DEVIATION (%) 


epee ame a ee 


| 50 | 


0 0.8 1.6 24 


OUTPUT CURRENT (A) 

* The LT 1033 has load regulation compensation 
which makes the typical unit read close to 
zero. This band represents the typical 
production spread. 


3.2 4.0 0 5 


INPUT-OUTPUT DIFFERENTIAL (V) 


-75 -50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


20. 25 


APPLICATION INFORMATION 


Output Voltage: The output voltage is determined by 
two external resistors, R; & Ro (see Figure 1). The ex- 
act formula for the output voltage is: 


R 
Vout = Vret ( 1+ fe. + lapy (Re) 
1 


Where: Vrer = Reference Voltage, lap) = Adjustment 
Pin Current. In most applications, the second term is 
small enough to be ignored, typically about 0.5% of 
Vout. In more critical applications, the exact formula 
should be used, with lapy equal to 65... Solving for Re 
yields: 


A= Vout — Vet 


Vref 


rl 
Ry ‘ADJ 


Smaller values of R, and Ro will reduce the influence of 
lang on the output voltage, but the no-load current 
drain on the regulator will be increased. Typical values 
for Ry are between 1002 and 3000, giving 12.5mA 
and 4.2mA no-load current respectively. There is an 
additional consideration in selecting R,, the minimum 
load current specification of the regulator. The operat- 
ing current of the LT 1033 flows from input to-output. If 
this current is not absorbed by the load, the output of 
the regulator will rise above the regulated value. The 
current drawn by R, and Rg is normally high enough to 


absorb the current, but care must be taken in no-load 
situations where R; and Ro have high values. The 
maximum value for the operating current, which must 
be absorbed, is 5mA for the LT1033. If input-output 
voltage differential is less than 10V, the operating cur- 
rent that must be absorbed drops to 3mA. 


Figure 1 


EXAMPLE: 
1. A precision 10V regulator to supply up to 3 Amp load current. 
a. Select Ry = 1002 to minimize effect of laps 


b. Calculate Ry = Your Meet. OV = EN = 70a0 
Vret 125 _ 
R, = 4008 
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APPLICATION INFORMATION 


Capacitors and Protection Diodes: An output capacitor, 
C3, is required to provide proper frequency compen- 
sation of the regulator feedback loop. A 2uF or larger 
solid tantalum capacitor is generally sufficient for this 
purpose if the 1MHz impedance of the capacitor is 10 
or less. High Q capacitors, such as Mylar, are not rec- 
ommended because they tend to reduce the phase 
margin at light load currents. Aluminum electrolytic 
capacitors may also be used, but the minimum value 
should be 25uF to ensure a low impedance at 1MHz. 
The output capacitor should be located within a few 
inches of the regulator to keep lead impedance to a 
minimum. The following caution should be noted: if 
the output voltage is greater than 6V and an output ca- 
pacitor greater than 20uF has been used, itis possible 
to damage the regulator if the input voltage becomes 
shorted, due to the output capacitor discharging into 
the regulator. This can be prevented by using diode DI 
(see Figure 2) between the input and the output. 


The input capacitor, C2, is only required if the regula- 
tor is more than 4 inches from the raw supply filter 
capacitor. 


Bypassing the Adjustment Pin: The adjustment pin of the 
LT1033 may be bypassed with a capacitor to ground, 
C1, to reduce output ripple, noise, and impedance. 
These parameters scale directly with output voltage if 
the adjustment pin is not bypassed. A bypass capaci- 
tor reduces ripple, noise, and impedance to that of a 
1.25V regulator. Ina 15V regulator for example, these 
parameters are improved by 15V/1.25V = 12 to 1. 
This improvement holds only for those frequencies 
where the impedance of the bypass capacitor is less 
than Ry. Ten microfarads is generally sufficient for 
60Hz power line applications where the ripple fre- 
quency is 120Hz, since X, = 1300. The capacitor 
should have a voltage rating at least as high as the 
output voltage of the regulator. Values larger than 
10uF may be used, but if the output is larger than 25V, 
a diode, D2, should be added between the output and 
adjustment pins (see Figure 2). 


* D1 protects the regulator from input shorts to **D2 protects the adjust pin of the regulator 
ground. it is required only when C3 is larger from output shorts if C2 is larger than 104F 
than 20,F and Vout is larger than 6V. and Voy is larger than — 25V. 


Figure 2 


Proper Connection of Divider Resistors: The LT 1033 has 
a load regulation specification of 0.8% and is mea- 
sured at a point 1/8” from the bottom of the package. 
To prevent degradation of load regulation, the resis- 
tors which set output voltage, R1 and R2, must be con- 
nected as shown in Figure 3. Note that the positive 
side of the load has a true force and sense (Kelvin) 
connection, but the negative side of the load does not. 


Lead resistance here does not 
ye affect load regulation. 


—\n 


Connect R1 directly to 


Lead resistance here degrades 
Regulator Pin. 


toad regulation. Minimize 
the length of this lead. 


Figure 3 


R1 should be connected directly to the output lead of 
the regulator, as close as possible to the specified 
point 1/8” from the case. R2 should be connected to 
the positive side of the load separately from the posi- 
tive (ground) connection to the raw supply. With this 
arrangement, load regulation is degraded only by the 
resistance between the regulator output pin and the 
load. If R1 is connected to the load, regulation will be 
degraded. 


LT Wie 
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TYPICAL APPLICATIONS 


The output stability, load regulation, line regulation, 
thermal regulation, temperature drift, long term drift, 
and noise, can be improved by a factor of 6.6 over the 
standard regulator configuration. This assumes a 
zener whose drift and noise is considerably better 
than the regulator itself. The LM329B has 20PPM/°C 
maximum drift and about 10 times lower noise than 
the regulator. 


In the application shown below, regulators #2 to “‘N” 
will track regulator #1 to within + 24mV initially, and 
to + 60mvV over all load, line, and temperature condi- 
tions. If any regulator output is shorted to ground, all 
other outputs will drop to ~ —2V. Load regulation of 
regulators 2 to “‘N” will be improved by Voyr/1.25V 
compared to a standard regulator, so regulator #1 
should be the one which has the lowest load current. 


Multiple Tracking Regulators 


High Stability Regulator 


Vin LT150A Vout 


ADJ 


* Solid Tantalum 
* * Ry or Rs may be trimmed slightly to improve tracking 


Current Regulator 


Cy 
2yuF 
SOLID TANTALUM 


1.25V 
1 = 65pA + — 
Rs 


(0.59 < Rs < 2500) 
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SCHEMATIC DIAGRAM QO» 


20k 
we 18 pF 


# ‘ 
tk O18 020 
fe 016 o% 20K wy ee 
7 ak . ; : Si id E 
[_] 


O14 


The following table allows convenient selection of 
program resistors from standard 1% values. 


OUTPUT 

ERROR 
Vout R, Re (%) 

5 100 301 0.6 
6 121 453 —0.7 
8 115 619 0.6 
10 115 806 0.6 
12 118 1020 1 
15 100 1100 0.5 
18 150 2000 0.2 
20 121 1820 0.8 
22 130 2150 0.2 
24 121 2210 0.9 
28 115 2430 —0.7 
30 121 2740 —0.9 
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LT1033 
PACKAGE DESCRIPTION 


K Package TO-3 STEEL Metal Can 


0.420~0.480 
110,668~ 12.192) 


4.477 ~ 1.197 
(29.896 — 30.404) 0.660 ~ 0.670 
0.210-0.220 (16.764— $7,018) 
(6.334 - 5.588) 
0.168 0.178 
“(4.267 - 4.521) ane 
2 MOUNTING HOLES 
0.425~0.435 0.151—0.161 
110.795 — 11.049) (3.835 ~ 4.089) 
DA 
0.490 -0.510 
(12.446 — 12.954) 


(ie | ae 


Crw 


LT1033C | 125°C 2° 
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T Package TO-220 Plastic 


9.180 + 0.005 

0.396 = 0.420 0.151 + 0.002 (4572 = 0.127) 

190.03 - 10.69) (3.835 + 0.051) 0.080 + 0.002 

ess (127 0.051) 

0.110+0.010 
(2.794 0.254) 0,250 0.010 
(6.35 + 0.254) 
TAPERED 1°, 2 SIDES 


03400010, 
(0.536 + 0.254) 
SEATING PLANE 


1.020 + 0.015 
(25.91 + 0.381) 


0.540 + 0.015 
(13.72 + 0.381) 


0.410 ee 
10.41) 
meee 


+0.010 
0.105 0.018 


ae 0.032 + 0.005 
(v.27) Pac +0254 
2.es7 * 

amoanone (0.813=0.127) i 0.381 
ee + 
540.258) 0015 *O oe 

0.200 0.010 ome 

6.080.254) 0.381 9.051 


LI 
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FEATURES 


= Two Regulated Outputs 
+5V at 3A 
+5V at 75mA 
= 2% Qutput Voltage Tolerance 
= 66dB Ripple Rejection 
=™0.7% Load Regulation 
# TTL and CMOS Compatible Logic Control 
= 100% Thermal Burn-in on All Devices 


APPLICATIONS 


= Power Supply Sequencing 

m Remote On/Off Power Control 

= Selective System Power during Emergency Power 
Operation 

= Memory Power Supply with Back-Up 


LT1035M/LT1035C 
Logic Controlled Regulator 


DESCRIPTION 


The LT1035 features two positive 5V regulators in the 
same package. The main regulator offers excellent per- 
formance while supplying load currents up to 3A, and the 
auxiliary regulator provides similar performance while 
supplying lighter loads of 75mA. The main regulator has 
the additional feature of being under the shutdown con- 
trol of a logic signal. When the enable pin is taken toa low 
logic level, the main regulator shuts down and its output 
voltage goes to near OV. During this command, the aux- 
iiary output is unaffected by the main reguilator’s condi- 
tion and continues to provide a 5V output. 


The main output has current and power limiting com- 
bined with thermal shutdown to make it virtually blowout 
proof. The auxiliary output is not affected by the thermal 
shutdown mechanism or the state of the main output, 
allowing it to be used as a back-up in case of overloads or 
shorts on the main supply. 


The logic input of the LT1035 (enable pin) has a 1.6V 
threshold and can be driven from a high source im- 
pedance. This allows it to be driven by most logic 
families, including TTL and CMOS. 


For a 1A version of the LT1035, please see the LT1005 
data sheet. For a 12V output voltage version, consult the 
factory. 


a 


Functional Diagram 


Guaranteed Load Current 


——T 


0 2 4 6 8 10 12 
INPUT VOLTAGE (V 


4 16 18 20 


ee 


LY Wee 
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ABSOLUTE MAXIMUM RATINGS 


PACKAGE/ORDER INFORMATION 


Power Dissipation—Continuous............... 24w ORDER PART 
Power Dissipation—Fault Conditions . . . Internally Limited BOTTOM VIEW 
NUMBER 
Input Voltage (Vin)... 2... eee eee ee 20V Viv Yo 
Enable Voltage (Ven) ............0000008e 20V 
2) LT 
Operating Junction Temperature es eee 
LT10385M .... 02... eee eee —55°C to 150°C 
LT1 035C ee 0°c to 1 25°C : 4 LEAD TO-3 
Storage .............0..000. — 65°C to 150°C 
Lead Temperature (Soldering, 10sec.)........ 300°C E 
FRONT VIEW 
LT1035CT 
100% Burn-in in Thermal Limit 
5 LEAD TO-220 
—L 
ELECTRICAL CHARACTERISTICS Main Regulator (See Note 1) 
LT1035M LT1035C 
SYMBOL PARAMETER CONDITIONS MIN. TYP MAX MIN TYP MAX UNITS 
Vo Output Voltage Tj=25°C 49 50 54 49 50 54 Vv 
High 7.7VS Vin 20V . 
Pps 24W |; 48 50 52 48 50 5.2 Vv 
OmA< Io 3A ul! 
Low 7V< Vins 12.5V e 0.1 0.2 0.1 0.2 V 
Vin = 20V e 0.1 03 | 01 03 | v 
AVo Load Regulation (Note 6) 8V< Vins 12.5V 
ri 0<Ig< 3A (Note 2) 10 35 10 35 mv 
AVo Line Regulation 7.4V< Vins 20V 0.3 2 q 0.3 2 mv/V 
Wn (Note 2) 
Ripple Rejection 50Hz< f< 500Hz 60 70 60 70 dB 
Thermal Regulation AP = 20W (Note 4) 
!p Available Load Current (Note 6) 8V< Viy< 12.5V 3 4 A 
Vin = 20V 16 2.4 A 
Isc Short Circuit Current Vin=8V 4 6 4 6 1A 
Vin = 20V 25 4 | 25 4 A 
Vin Minimum Input Voltage to {Note 5) 
Maintain Regulation Ig=1A 7.2 67 72 «67 Vv 
Ip=3A 7.7 7.2 ii? 72 Vv 
la Quiescent Current Output High 3 5 3 5 mA 
Output Low 2 2 4 mA 
Sic Thermal Resistance, T0-3 1.5 2.5 1.5 2.5 °C/W 
Junction to Case TO-220 | 2 3 °C/W 


LT1035M/LT1035C 


a 


ELECTRICAL CHARACTERISTICS Auxiliary Reguiator (See Note 1) 


es 


LT1035M LT1035C 
SYMBOL PARAMETER | CONDITIONS TYP MAX MIN TYP MAX UNITS 
Vo Output Voltage Jj= 25°C 5.0 51 4.9 5.0 51 V 
7.2 Vin= 20V . 
OmAs Io< 75mA 5.0 5.2 4.8 5.0 5.2 V 
DVo Load Regulation 7.2VSVin= 20V “| 
Alo OmAS Ios 75mA 5 15 5 15 mV 
(Note 2) 
AVg Line Reguiation [ 7.2V< Vins 20V 0.2 1 a 0.2 1 mV/V 
Wn (Note 2) 2 2 mv/V 
Ripple Rejection [_ 50Hz= f= 500Hz 74 | 74 dB 
Is¢ r Short Circuit Current 7.0V< Vy =20V 140 250 140 250 T mA 
Vin Minimum Input Voltage to | {Note 5) 
Maintain Regulation los 10mA 6.2 6.5 6.2 7 
L lo =75mA 6.8 7.2 6.8 V 


LT1035C 


SYMBOL PARAMETER 


Enable Threshold Voltage 7.0V < Vins 20V 
T,=25°C Vv 
V 
Enable Pin Current Ven < 1V (Note 3) 
Ven= 2.4V 
The @ denotes the specifications which apply over the full operating Note 3: When the enable pin is at a low logic level, current flows out of 
temperature range. the enable pin. 
Note 1: Unless otherwise indicated, these specifications apply for Note 4: Pulse length for this measurement is 20ms. 
Vin = 10V, Io =OmA, and Tj = 25°C. Note 5: Input voltage is reduced until output drops by 100mV from its 
Note 2: Line and load regulation is measured using a low duty cycle initial value. 
pulse, causing little change in the junction temperature. Effects due to Note 6: See ‘‘Guaranteed Load Current’’ graph. 
thermal gradients and device heating must be taken into account 
separately. 


a 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Minimum Input-Output 
Differential of Main Output 


INPUT-OUTPUT VOLTAGE (V) 


“0 05 10 15 20 25 30 
OUTPUT CURRENT (A) 


Short Circuit Output Current 


CURRENT (A) 


4 6 8 10 12 #14 16 
INPUT VOLTAGE (V) 


18 20 


Output Voltage as Function of 


Temperature 
5.05 
= 
8 
5 
© 5.00 = 
5 
= 
> 
o 
4.95 
-50 -25 0 25 50 75 100 125 150 


TEMPERATURE {°C) 


Minimum Input-Output 
Differential of Auxiliary Output 


0 20 40 60 80 100 
OUTPUT CURRENT (mA) 


Load Transient Response 


Ve 
ele 


Cour =10yF TANT 


OUTPUT VOLTAGE CHANGE (mV) 


4 6 8 
TIME (us) 


ieee Rejection 


Vin = 10V 
Nil =200mA 


FREQUENCY (Hz) 


10 
10 100 1k 10k 
REJECTION (dB) 


§.5 


OUTPUT CURRENT (A) 


OUTPUT CHANGE (50mV/DIV) 


15 
60 ~25 0 2 


Maximum Available Load 
Current—Main Output 


50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


Line Transient Response 


A Cour 2.24 TANT 
= 10uF TANT 


4 6 8 
TIME (us) 


Output Impedance 


= 


A HAH 


100 1k 10k 
FREQUENCY (Hz) 


100k 1M 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Output Switching 
Enable Pin Characteristics Enable Threshold Characteristics 


Sot ee 
Ses a 


THRESHOLD (¥) 
i 


g 


OUTPUT VOLTAGE {V) 


18 1. 
0 13:14 15 16 1.7 1.849 20 21 20 -50 -25 0 2 50 75 100 125 150 0 2 4 6 B 1 12 14 16 18 
ENABLE VOLTAGE (V) JUNCTION TEMPERATURE (°C) TIME (us) 


Output Characteristics in 


Low State Quiescent Current Output Noise 


+ 


UT ACTIVE 


NOISE (xVrms) 


QUIESCENT CURRENT (mA) 


CURRENT FORCED INTO GUTPUT (mA) 


0 0 
0 02 04 06 08 1.0 12 14 1.6 0 2 4 6 8 10 12 14 16 18 20 
OUTPUT VOLTAGE (V) INPUT VOLTAGE (V) 


"1g IS NEARLY INDEPENDENT OF TEMPERATURE 
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APPLICATIONS INFORMATION 


General Information 


The LT1035 is a dual output 5V regulator. The main out- 
put is capable of delivering up to 3A of load current and 
can be shut down with a logic signal. The auxiliary output 
supplies a minimum of 75mA and is unaffected by the 
logic signal. The outputs are trimmed to + 2% initial 
tolerance and exhibit excellent line and load regulation. 


The logic control feature makes the LT1035 ideal for 
many system applications where it is desirable to power- 
up a portion of the system for a period of time, and then 
power the system down during a standby operation. As 
an example, the LT1035 could be used to activate various 
memory space locations only as needed, thus saving 
substantial power dissipation and other cooling costs. 
The LT1035 could also be used to power microcomputers 
such as the 8048 series. The auxiliary supply can be 
used for RAM keep-alive during power-down operation. 
Additional power savings can be accomplished by using 
the LT1035 to power PROM, EPROM, and E2PROM 
devices. During program load or look-up table opera- 
tions, the ROM type device can be activated and its con- 
tents placed in RAM, and then the ROM power can be 
removed. Or for high speed but low power data acquisi- 
tion systems, the power could be applied to fast memory, 
then the data transferred to CMOS memory. The. main 
regulator can then be shut down and the CMOS memory 
Can be powered by the auxiliary for lower power dissipa- 
tion. Other applications such as multiple power supply 
sequencing, elimination of expensive AC and DC power 
switches, delayed start applications, switching 5V DC 
loads, and many others are now easily accomplished. 


Timing functions, such as delayed power-up or power- 
down, can aiso be performed directly at the enable pin. 


Because a logic low on the enable pin shuts down the 
main regulator, feedback from output to enable can be 
used to generate hysteresis or latching functions. 


The low quiescent current drain of the LT1035 makes it 
useful in battery-powered or battery back-up applica- 
tions. The enable pin can be used as a ‘‘low battery’’ 
detector or to shut down major portions of system power, 


allowing memory portions to continue to operate from the 
auxiliary output. At low output currents, the auxiliary out- 
put will regulate with input voltage typically as tow as 
6.1V, giving maximum battery life. 


Good design practice with all regulators is to bypass the 
input and output terminals. A 2uF solid tantalum at the in- 
put and at both outputs is suggested. For the applications 
which follow, the bypass capacitors are still recom- 
mended, but for simplicity are not shown on the diagram. 
It is also recommended that for maximum noise immunity 
the voltage enable pin be tied high if itis unused. It can be 
tied directly to Vij, as shown in Figure 1, or to the aux- 
iliary output. If the enable pin is left open, it will float to a 
high logic level of approximately 1.6V and the main out- 
put regulator will be at 5V. 


Figure 1 


The enable pin is fully protected against input voltages up 
to 20V, even if the power input voltage is zero. 


The basic shutdown control circuit uses a direct gate 
drive or an open collector driver and a pull-up resistor 
which are tied to Vayy, as shown in Figure 2. 
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APPLICATIONS INFORMATION 


Driving the Enable Pin 


The enable pin equivalent schematic is shown in Figure 3. 
Basically, enable pin current is zero above the threshold 
and about 1.5nA below the threshold, flowing out of the 
pin. Standard logic, such as TTL and CMOS, will inter- 
face directly to the enable pin, even if the logic output 
swing is higher than the input voltage (Vin) to the 
regulator. 15V CMOS can be used to drive the enable pin, 
even if the regulator is not powered up, without loading 
the CMOS output. 


| 70pA 


ENABLE 
Figure 3 

Timing functions, such as delayed power-up or power- 
down, can be implemented by driving the enable pin with 
an RC network. The current flowing out of the enable pin 
should not be used as the timing current in delayed 
power-up applications as it is temperature sensitive and 
varies somewhat from device to device. Instead, a re- 
sistor tied to the auxiliary output, the input, or to a logic 
signal should be used. The timing resistor chosen should 
provide at least 25,A of current to ‘swamp out’’ the ef- 
fects of the internal current. 


Main Output Current/ Voltage Characteristics 


Following a high to low transition at the enable pin, the 
main regulator output will begin to drop after a delay of 
approximately 0.4us. With no capacitive load, the output 
will fall to zero in approximately 0.8ys (R_ = 20-1000). 
With a capacitive load, fall time is limited by the RC prod- 
uct of the load and the output capacitance. For light loads 
(Ry > 4000), the discharge time is controlled by an inter- 
nal current pull-down of 15mA for output voltages down 
to 1.5V. Below 1.5V, the pull-down current drops to 
~ 4mA. The DC output voltage in the shutdown mode is 
approximately 0.07V for input voltages (Vin) upto 12V. If 
Vin is 20V, the output during shutdown will be approx- 
imately 0.15V due to an internal current path in the 
regulator. 


LT1035M/LT1035C 


Output Characteristics in Low 
State 
10 
{ | 4 


T=25°C + 


t 4 “ 4 
T= 150°C 


CURRENT FORCED INTO OUTPUT (mA) 


g 
8 
7 
6 
5 me al 
4 
3 
2 
1 
0 


0 02 04 06 08 1.0 12 14 1.6 
OUTPUT VOLTAGE (V) 


Figure 4 


The user should note that the output in the low state can Gq 


only sink about 3mA. If current is forced into the output, 
the output voltage will rise to 1V at 5mA and about 1.5V at 
40mA. With no output capacitor, the rise time of the main 
output is about 3ys. With an output capacitor, rise time is 
limited by the short circuit current of the LT1035 and the 
load capacitance; tp~(C) (5V)/4A. A 10pF output 
capacitor slows the output rise time to approximately 12ps. 


Output Current 


The main output current limits at about 4A for input 
voltages below 12.5V. Internal foldback, or ‘‘power 
limiting’, circuitry detects the input-output voltage dif- 
ferential and reduces current limit for input to output 
voltages exceeding 7.5V. With 20V input, for instance, 
short circuit current is reduced to ~2.4A. 


An additional feature of the LT1035 is that the auxiliary 
supply does not incorporate, nor is it affected by, thermal 
shutdown. Any fault condition of the main regulator will 
not affect the auxiliary output voltage. 


The following applications circuits will serve to indicate 
the versatility of the LT1035. 


wee 
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LT1035M/LT1035C 
TYPICAL APPLICATIONS 


First-On, Last-Off Sequencing First-On, First-Off Sequencing 


Ton (1) = 5Oms + o 
50uF = 400i 
Tou (2) = 150ms e t 1k ¢ iy e . eda ack 1k 
Power Supply Turn-On Sequencing Fast Turn-Off, Delayed Turn-On 


+5V 


* CAN BE ANY GATE TYPE 


4 


Ri 1 


c e 100k 
ab t1=0.4R1 C4 t2=0.4 R202 = —- Toy= 0.3 RICI 
Thermal Cutoff at High Ambient Temperature Latch-Off for Voyts4.7V 
+5V 
otk 
67yA 


“YELLOW SPRINGS #44008, 30k2 @ 25°C 
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TYPICAL APPLICATIONS 


Proportional Motor Speed Controller High Input Voltage Detection 


TRANSFORMER AND 
SET 


RECTIFIER 
Vin = 9V OC NOMINAL 


+5V 


+8V 


Vshutott (INPUT) 
= (am) (if) 


OUTPUT SHUTS OFF WHEN 110VAC TRANSFORMER 
IS OVER VOLTAGED TO 220VAC. 


Push-On, Push-Off 


Vin +5V 


+5V 


COUPLER “ON” = OUTPUT “ON” 


R : NA | 
=. | | IF C2 1S LARGER THAN 10uF, C1 SHOULD 8E 10k 
| INCREASED TO C2/10 
hy aes Oe: a 
SELECT R DEPENDING UPON THE 
ON-RESISTANCE OF THE OPTO COUPLER 
Latch-Off when Output Short Delayed Power-Up 
Vin +5V +5V 
27k 
+ 
+5V 
uF 
+5V 


sie togray=0.4 RIC1 
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TYPICAL APPLICATIONS 


Fast Electronic Circuit Breaker Battery Voltage Sensing Circuit 
0.32 y, 
Vin OUT +5V 
MAIN 
2N2907A 
+5V 
RESET 
1k 
2N2222A 
2k 
Memory Save on Power-Down 
Vin=7.5V +5V 
4.7k MAIN OUT 
+5V 
AUX OUT 
22k THE AUXILIARY OUTPUT POWERS THE MEMORY, WHILE THE MAIN OUTPUT 
POWERS THE SYSTEM AND IS CONNECTED TO THE MEMORY STORE PIN. 
WHEN POWER GOES DOWN, THE MAIN OUTPUT GOES LOW, COMMANDING THE 
= MEMORY TO STORE. THE AUXILIARY OUTPUT THEN DROPS OUT. 
Line Dropout Detector 
TO FILTERED 
+5V 
+ 5V AUXILIARY 
TO SECONDARY 
OF AC 
POWER 
TRANSFORMER 
1N4148(4) oon 
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TYPICAL APPLICATIONS 


Low Dissipation Regulator 


27k 3V0C UNDER 
ALL CONDITIONS 


Vin 5V/3A 
10v0C- OUTPUT 


(11011 
COMPARATOR 


5k “DALE TD-5 


LT1035M/LT1035C 


Regulator Losses at lout = 3A 


UNE { 
VOLTAGE —=1 
140VAC 


LOST POWER (W) 


' 
{ 
! 
{ 
t 
4 \ 
T1035 DRIVEN FROM PRE-REGULATO! 


18 
40 11 12 13 14 15 16 17 18 19 20 
INPUT VOLTAGE (Voc) 


THIS CIRCUIT 1S DESIGNED TO REDUCE POWER DISSIPATION 


= = = IN THE 171035 OVER A SOVAC-140VAC INPUT RANGE. 
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PACKAGE DESCRIPTION 


0.390—0.410 
{9,906 —10.41) 


0,570—0.610 0.447 0.151 


(14.48 — 15.49) (3:734~3.835) 7 


0.355 —0.370 
(9.017 —9.398) 


0.062 —0,720 
(1.574 ~ 18.29) 


0.273-0.298 
(6.934 -- 7.442) 


T0-220 Package (5 Lead) 


0.100 —0.120 
(2.540 — 3.048) 


0.880 0.910, 
(22.35—23.11) 


0.030 - 0.040 
(0.762 — 1.016) 


9.970-1.050, 
(24.64 — 26.67) 


0.013 —-0.025 
(0.330 ~ 0.635) 


O.170~9.180 


0.327 -0.335, 
{8.306 —8.509) 


Timax | 9c 
LT1035C | 125°C | 3°C/w 


4-Pin Metal Package Similar to JEDEC TO-3 


1311.55 
(38.89 — 39.39) 


0,760~0.775 
oe 


(4.318—4.572) 572) 
(0.045 —0.055. 
(1.143 =1.387) 


0.170~0.180 
(4.318 -—4,572) 


4 


SEATING 
| | ; PLANE 
0.067 
0.420 0.038 0.043 (1.701) 
(10.67) a aso | b 
aa 
(29.89 ~ 30.40) 
0.655 ~0.675 
(16.64 — 17.14) 
0.220 0.295, 
(5.588 --5.969) 


(11.30 ~ 11.81) 


9.470 
(11.94) 
DIA PIN 
CIRCLE 


‘50°C 


Fuross [so fa s-or 


0.525 
(13.33) 
MAX 


2 HOLES 


0.151 -0.161 

(3.835 —4.080) 
0.17 
(4.495) 

2 PLACES 
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FEATURES 


® Two Regulated Outputs 
+12V at 3A 
+5V at 75mA 
= 2% Output Voltage Tolerance 
® 60dB Ripple Rejection 
# 0.7% Load Regulation 
= TTLand CMOS Compatible Logic Control 
= 100% Thermal Burn-in on All Devices 


APPLICATIONS 


= Power Supply Sequencing 

= Remote On/Off Power Control 

= Selective System Power during Emergency Power 
Operation 

= Power Supply with Back-Up 


i 


Functional Diagram 


ian oe 
ov 


LTIO36MI/LT1036C 
Logic Controlled Regulator 


DESCRIPTION 


The LT1036 features two positive regulators in the same 
package. The 12V main regulator offers excellent per- 
formance while supplying load currents up to 3A, and the 
5V auxiliary regulator provides similar performance while 
supplying lighter loads of 75mA. The main regulator has 
the additional feature of being under the shutdown control 
of a logic signal. When the enable pin is taken to a low 
logic level, the main regulator shuts down and its output 
voltage goes to near OV. During this command, the auxil- 
iary output is unaffected by the main regulator's condition 
and continues to provide a 5V output. 


The main output has current and power limiting combined 
with thermal shutdown to make it virtually blowout proof. 
The auxiliary output is not affected by the thermal shut: 
down mechanism or the state of the main output, allowing 
it to be used as a back-up in case of overloads or shorts on 
the main supply. 


The logic input of the LT1036 (enable pin) has a 1.6V 
threshold and can be driven from a high source impe- 
dance. This allows it to be driven by most logic families, 
including TTL and CMOS. 


For a dual 5V version of the LT1036, please see the LT1035 
data sheet. 


Guaranteed Load Current, 12V 
Output 


CURRENT (A) 
Fe 
a 


1416 «18 20 22 24 26 28 30 
INPUT VOLTAGE (V) 
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ABSOLUTE MAXIMUM RATINGS 


Power Dissipation—Continuous (Note 6)........... 24W 
Power Dissipation—Fault Conditions . . Internally Limited 
Input Voltage (Vin)........c0cesecceceseceeseceacaees 30V 
Enable Voltage (VEN)...........cccesececececececeses 30V 
Operating Junction Temperature 

LIAOSOM isos: Slats da'etatveter ene soe - 55°C to 150°C 

LTAOS6C teres starecissenceeeetetes 0°C to 125°C 

SIGHADD iets cracieeveteniuaseiedenchs ~ 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)............. 300°C 
PRECONDITIONING 


100% Burn-In in Thermal Limit 


PACKAGC/ORDER INFORMATION 


BOTTOM VIEW 


ORDER PART 
NUMBER 


LT1036MK 
LT1036CK 


4 LEAD TO-3 


FRONT VIEW 


GND (TAB) 
| Ok 
12345 
° 


Ven —3e A jt— Aux 


LT1036CT 


GND 
5 LEAD TO-220 


ELECTRICAL CHARACTERISTICS Main Regulator (See Note 1) Vij = 15V unless otherwise specified 


a 


LT1036M/C 


SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Vo Output Voltage a Tj= 25°C 11.76 12 42.24 V 
High 15V<Viy<30V le 11.52 12.48 V 
iZ lout Stax {Note 6} {| 
Low 7V<Vis30V e 0.1 0.3 V 
AVo Load Regulation (Note 6) Vin= 16V 

Alo 0<Io<3A (Note 2) e 10 80 mV 
AVo Line Regulation 16V<Viy<30V 1 4 mvViV 

“Wn (Note 2} 
Ripple Rejection 50Hz<f<500Hz | 50 60 dB 

I (Note 8) 
Thermal Regulation APp=20W(Noted) | | 0.003 0.012 %W 
lo Available Load Current (Note 6) 15V<Viys20V e 3 4 A 
Vin = 25V e 2 27 A 
Ig¢ Short Circuit Current Vin= 15V 2.3 4 A 
aif Vin = 25V 1 2 A 

Vin Input Voltage to Maintain (Note 5) 
Regulation (Dropout Voltage) lo=1A e 13.8 14.5 V 
[o=3A ol. 14.4 15 Vv 
lq Quiescent Current Output High 4 5.5 mA 
Output Low 3 4.5 mA 
Qc Thermal Resistance, | T03 i a ie 15 25 °cIW 
Junction to Case T0-220 | 2 3 °Clw 


ELECTRICAL CHARACTERISTICS Auxiliary Regulator (See Note 1) 


LTIO36MI/LT1036C 


LT1036M/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNITS 
Vo Output Voltage T= 25°C 49 5.0 5A i Vv 
~~ 7.2V<Vy<30V | 
OmAslos75mA e 48 5.0 5.2 | V 
aVo “Tl ~“Load Regulation 7.2N <Viys30V \iten 
“Alo. 5 7 OmA<Igs75MA e 5 15 mV 
(Note 2) 
AVo Line Regulation 7.2V <Viys30V 0.2 1 mViV 
Vn (Note 2) e 2 mvViV 
Ripple Rejection 50Hz<f <500Hz | 74 dB 
Ig¢ Short Circuit Current (Note 7} | TOV <Viy = 30V 140 250 mA 
Vin Input Voltage to Maintain (Note 5) | 
Regulation (Dropout Voltage) \o<10mA e 6.2 65 v 
Io =75mMA e 6.8 7.2 V 
ELECTRICAL CHARACTERISTICS Logic control (see Note 1) 
LT1036MiC 
SYMBOL PARAMETER CONDITIONS | MIN TYP MAX UNITS 
Ven Enable Threshold Voltage 7.0V<Vins30V 
Tj=25°C 1.45 16 17 v 
e| 13 16 18 V 
Enable Pin Current Ven < 1¥ (Note 3) e 0 15 12 { pA 
Ven >2.4V e 0 6 L pA 


The @ denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: Unless otherwise indicated, these specifications apply for 

Viy= 15V, Ip = 0mA, and Tj = 25°C. 

Note 2: Line and load regulation is measured using a low duty cycle pulse, 
causing little change in the junction temperature. Effects due to thermal 
gradients and device heating must be taken into account separately. 


Note 3: When the enable pin is at a low logic level, current flows out of the 
enable pin. 

Note 4; Pulse length for this measurement is 20ms. 

Note 5: Input voltage is reduced until output drops by 100mV from its initial 
value. 

Note 6: See “Guaranteed Load Current” graph. 

Note 7: Continuous shorts on the auxiliary output are not allowed unless 
adequate heat sinking is used to maintain junction temperature below 
150°C. 


Note 8: Guaranteed but not tested. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Minimum Input-Output 
Differential of Main Output 


Minimum Input-Output 
Differential of Auxiliary Output 


Line Transient Response, 12V 
Output 


2.6 

4 = 2 Coyr= 1uF TANTALUM 
= a0 
S 2.2 S =sS 
= = 2 = -20 
rr g ES 
4 oe 
5 2.0 5 Sw 20 Coyr=10nF TANTALUM 
3 3 = 
ts 18 5 Ss 0 
= = oer 

= | 

3 1.6 8 os AVin=1V 
Bia 2 = 1 | 
Sie 2 se 0 

42 23 Vin=18¥ 

z IN= 
1.0 ; ee 
0. 05 10 15 20 25 30 0 20 er: 0 2 4 6 8 W 12 14 
OUTPUT CURRENT (A) OUTPUT CURRENT (mA) TIME (18) 


Fagus 


LT1I036M/LT1036C 
TYPICAL PERFORMANCE CHARACTERISTICS 


Maximum Available Load 


Current, 12V Output Quiescent Current Output Voltage vs Temperature 
5 12.2 
a 
5 12.1 
. Na a 
= 211.9 
= 3 DEVICE OUT OF REGULATION . _ = 11.8 
= BELOW 14V Pe : 
2 s 
o o oss 
B 2 Ea S51 
= 
1 S49 
z 
= 48 
= 
0 347 
0 4 8 12 16 20 24 28 32 0 3 6 9 12 15 18 21 24 27 30 <= -50 -25 0 25 50 75 100 125 150 
INPUT VOLTAGE (V) INPUT VOLTAGE (V) TEMPERATURE (°C) 
Load Transient Response, 12V 
Output Enable Pin Characteristics Enable Threshold 
50 1.75 
8. 0 0 1.70 } ++ 
ee 50 ~0.2 
8 w 1.65 + 
52 5 Of 
a => > a 
5 Bq Jos z 1.60 - 
- 
—50 = 08 2 1.55 1 f 
Z g 
z a io = 1.50 + + 
= 
Ear i 1.45 +—}—| | 
32 1.4 
= 16 1.40 + {- 
1.8 1.35 
0 13 1.4 1.5 16 1.7 18 1.9 2.0 2.41 20 -50 -25 0 25 50 75 100 125 150 
TIME (us} ENABLE VOLTAGE(V)~ JUNCTION TEMPERATURE (°C) 
“NOTE SCALE CHANGE 
Short Circuit Current, 12V Output Switching 
Output Characteristics Output Voltage Noise 
< é 
: 3 
€ wg 
a SEE APPLICATION SECTION a 
FOR FALL TIME INFORMATION = 


9 4 8 12 16 20 24 28 32 0.10 20 30 40 50 60 70 80 90 100 300 1k 3k 10k 30k 
INPUT VOLTAGE (V) TIME (ns) BANDWIDTH (1 POLE} (Hz) 
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APPLICATIONS INFORMATION 


General Information 


The LT1036 is a dual output regulator. The main 12V out- 
put is capable of delivering up to 3A of load current and 
can be shut down with a logic signal. The auxiliary 5V out- 
put supplies a minimum of 75mA and is unaffected by the 
logic signal. The outputs are trimmed to + 2% initial toler- 
ance and exhibit excellent line and load regulation. 


The logic contro! feature makes the LT1036 ideal for many 
system applications where it is desirable to power-up a 
portion of the system for a period of time, and then power 
the system down during a standby operation. Applications 
such as multiple power supply sequencing, elimination of 
expensive AC and DC power switches, delayed start ap- 
plications, switching 12V DC loads, and many others are 
now easily accomplished. 


Timing functions, such as delayed power-up or power- 
down, can also be performed directly at the enable pin. 


Because a logic low on the enable pin shuts down the 
main regulator, feedback from output to enable can be 
used to generate hysteresis or latching functions. 


The low quiescent current drain of the LT1036 makes it 
useful in battery-powered or battery back-up applications. 
The enable pin can be used as a “low battery” detector or 
to shut down major portions of system power, allowing 
memory portions to continue to operate from the auxiliary 
output. At low output currents, the auxiliary output will 
regulate with input voltage typically as low as 6.2V, giving 
maximum battery life. 


Good design practice with all regulators is to bypass the 
input and output terminals. A 2uF solid tantalum at the in- 
put and at both outputs is suggested. For the applications 
which follow, the bypass capacitors are still recom- 
mended, but for simplicity are not shown on the diagram. 
It is also recommended that for maximum noise immunity 
the voltage enable pin be tied high if it is unused. It can be 
tied directly to Vin, as shown in Figure 1, or to the auxiliary 
output. If the enable pin is left open, it will float to a high 
logic level of approximately 1.6V and the main output 
regulator will be at 12V. 


The enable pin is fully protected against input voltages up 
to 30V, even if the power input voltage is zero. 


LT WR 


LTIO36MILT1036C 


The basic shutdown control circuit uses a direct gate drive 
or an open collector driver and a pull-up resistor which are 
tied to Vaux, as shown in Figure 2. 


+12V 


Figure 2 
Driving the Enable Pin 


The enable pin equivalent schematic is shown in Figure 3. 
Basically, enable pin current is zero above the threshold 
and about 1.5uA below the threshold, flowing out of the 
pin. Standard logic, such as TTL and CMOS, will interface 
directly to the enable pin, even if the logic output swing is 
higher than the input voltage (Vin) to the regulator. 15V 
CMOS can be used to drive the enable pin, even if the 
regulator is not powered up, without loading the CMOS 
output. 


| 70pA 
ENABLE 


Figure 3 
Timing functions, such as delayed power-up or power- 
down, can be implemented by driving the enable pin with 
an RC network. The current flowing out of the enable pin 
should not be used as the timing current in delayed 
power-up applications as it is temperature sensitive and 
varies somewhat from device to device. Instead, a resistor 
tied to the auxiliary output, the input, or to a logic signal 
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APPLICATIONS INFORMATION 


should be used. The timing resistor chosen should provide 
at least 25,A of current to “swamp out” the effects of the 
internal current. 


Main Output Current/Voltage Characteristics 


Following a high to low transition at the enable pin, the 
main regulator output will begin to drop after a delay of ap- 
proximately 0.4us. With no capacitive load, the output will 
fall to zero in approximately 0.8us (R_ = 40 to 1000). With a 
capacitive load, fail time is limited by the RC product of 
the load and the output capacitance. For light loads 
(R_ > 4000), the discharge time is controlled by an internal 
current pull-down of 15mA for output voltages down to 
1.5V. Below 1.5V, the pull-down current drops to =4mA. 
The DC output voltage in the shutdown mode is approxi- 
mately 0.12V due to an internal current path in the 
regulator. (See Figure 4) 


The user should note that the output in the low state can 
only sink about 3mA. If current is forced into the output, 
the output voltage will rise to 1V at 5mA and about 1.5V at 
10mA. With no output capacitor, the rise time of the main 
output is about 12us. With an output capacitor, rise time is 
limited by the short circuit current of the LT1036 and the 
ioad capacitance. A 10,F output capacitor slows the out- 
put rise time to approximately 80us. 


TYPICAL APPLICATIONS 


Fast Turn-Off, Delayed Turn-On 


Vin : is +Hav 


ot 100k 
= ton=0.3 R1 C1 
Thermal Cutoff at High Ambient Temperature 
Vw ‘| +5V 


154K 


tore= 58°C 
tov =46°C 


“YELLOW SPRINGS #44008, 30k2 @ 25°C 


Latch-Off with Output Short 


Output Current 


The main output current limits at about 4A for input volt- 
ages below 20V. Internal foldback, or “power limiting”, cir- 
cuitry detects the input-output voltage differential and 
reduces current limit for input to output voltages exceed: 
ing 8V. With 25V input, for instance, short circuit current is 
reduced to =0.9A. 

An additional feature of the LT1036 is that the auxiliary 
Supply does not incorporate, nor is it affected by, thermal 
shutdown. Any fault condition of the main regulator will 
not affect the auxiliary output voltage. 


The following applications circuits will serve to indicate 
the versatility of the LT1036. 


10 + 
= ob Vin= 15V 
<< IN= 
— 8 zi 
= 
z 7 
= 
& 
e ° z 7 
= 3 | 
a 
=) = 
2 4 |y=25° caer 
a. i J 
er ae 
a 
ene 4 
s T,=150°C 
1 
0 


0 02 04 06 08 10 12 14 1.6 
GUTPUT VOLTAGE (V) 


Figure 4 


Delayed Power-Up 


toeLay=0.4 Rt Gt 


T ct rk 


R1 


C1 
el 1=0.4 R1 Ct 12=0.15 R2 C2 
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TYPICAL APPLICATIONS 
First-On, Last-Off Sequencing First-On, First-Off Sequencing 


VIN 


ton (1) =50ms 


f 
ton (2)= 150ms 50u Ae als ¢ 


Line Dropout Detector 
TO FRTERED 
TRIP SET es +12V 
18k 
500k + SVAUXLIARY 
= oe 
TO SECONDARY x t — 
OF AC > : 
POWER L a etal 3} “S 3.3k 
TRANSFORMER nee 
4N46 2k DROPOUT 
4N4148(4) LTt011 u SIGNAL 
2 1 
+ 
4 
3k 
Low Dissipation Regulator Opto-Coupled Output Control 


27k 


3.5VDC UNDER 


2N6667 ALL CONDITIONS 


Vn +1 


+5 


COUPLER “ON" = OUTPUT ON” 


LT1011 
COMPARATOR 


SELECT R DEPENDING UPON THE 
= ON-RESISTANCE OF THE OPTO COUPLER 


*DALE TD-5 
THIS CIRCUIT IS DESIGNED TO REDUCE POWER DISSIPATION 
IN THE LT1036 OVER A SOVAC-140VAC INPUT RANGE. 
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SCHEMATIC DIAGRAM 
[5] 


AUX 
OUTPUT 


i 800 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


TO-220 Package (5 Lead) 


0.570 ~0.610 
(14-48 ~15.49) 


0.390 -0.410 
(9.906 — 10.41) 

0.100—0.120 
0.147-0.151 (2540 —3.048) 
(3.734 —3.835) 7 


0.880 0.910 
(22.35 — 23.11) 


0.355 - 0.370 
(9.017 — 9.398) 


0.970 - 1.050 
(24.64 — 26. 


0.045 -0.055 
(1.143 —1.397) 


0.170-0.190 
(4318—4.572) 


67) 


Eee cee, J 
0.062—0.720 Le oe 
(1.574=18.29} 0.030—0.040 0.013 --0.025 em) 
762 — 1.01 0.330 — 0.635 
(0.762 — 1.016) { y 0.170-0.180 
(4.318—4 $72) 
0.327 - 0.335 
(8.306 — 8.509) 


4-Pin Metal Package Similar to JEDEC T0-3 


1.531 — 1.551 
(38.89 — 39.39} 


0.273 0.283 
(6.934—7.442) 


SEATING 
| | PLANE 
- 0.067 
0.420 0.038 ~0.043 (1.701) 
(10.67) (0.965- 1.092) 
DIA 
1.177~1.197) 
(29.89 — 30.40) 
0.655 ~0.675 
(16.64—17.14) 
9.220—0.235, 
{5.588 —5.969) 
2 HOLES 
_. 0.151 =0.16 
(3,835 — 4.088) 
o.t77 
(4,495) 
9.470 2 PLACES 
(47.94) 
DIA PIN 
CIRCLE 
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TECHNOLOGY 


FEATURES 


= Guaranteed 0.8% Initial Tolerance 
= Guaranteed 0.4% Load Regulation 
= Guaranteed 10 Amp Output Current 
= 100% Thermal Limit Burn-in 

= 24 Amp Transient Output Current 

= Standard Adjustable Pinout 

= Operates to 35V 


APPLICATIONS 


= System Power Supplies 

= High Power Linear Regulator 
= Battery Chargers 

= Power Driver 

® Constant Current Regulator 


LT1038 


10 Amp Positive Adjustable 
Voltage Regulator 


DESCRIPTION 


The LT1038 is a three terminal regulator which is capable 
of providing in excess of 10 amps output current over 
1.2N to 32V range. The device is packaged ina standard 
TO-3 power package, and is plug-in compatible with 
industry standard adjustable regulators, such as the 
M117 and LM138. Also, the LT1038 is a functional re- 
placement for the LM396. 


In addition to excellent load and line regulations, the 
LT1038 is fully protected by current limiting, safe area 
protection and thermal shutdown. New current limiting 
circuitry allows transient load currents up to 24 amps 
to be supplied for 5004s without causing the regulator 
to current limit and drop out of regulation during the 
transient. 


On-chip trimming of initial reference voltage to + 0.8% 
combined with 0.4% load regulation minimize errors in 
all high current applications. Further, the LT1038 is 
manufactured with standard bipolar processing and has 
Linear Technology’s high reliability. 


EEE 


5V, 10 Amp Regulator 


Vagus 


Load Regulation 


Vin=19¥ 
Vout = 10V 
PRELOAD = 100A 


OUTPUT VOLTAGE DEVIATION (%) 


—0.4 
-75 -50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


LT1038 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Power Dissipation............... Internally Limited i] 
Input to Output Voltage Differential............. 35V BOTTOM VIEW ORDER PART NUMBER 
Operating Junction Temperature Range ADJUSTMENT Vin 
LT1038M 
Control Circuitry ............ —55°C to 150°C LT1038MK 
Power Transistor ............ —55°C to 200°C LT1038CK 
LT1038C CASE |S 
Control Circuitry ............... 0°C to 125°C ane 
Power Transistor ............... 0°C to 175°C K PACKAGE 
Storage Temperature............. —65°C to 150°C aS 
Lead Temperature (Soldering, 10sec.)........ 300°C | lt: 
PRECONDITIONING 100% THERMAL LimiT BURN-IN 
ELECTRICAL CHARACTERISTICS (see Note 1) 
eS 
LT1038M LT1038C 
SYMBOL | PARAMETER CONDITIONS ai i sia shi ve ‘iat UNITS 
Veer ze Reference Voltage lour=20mA, T}= 25°C 1.24 1.25 1.26 1.23 1.25 1.275 | V 
BS (Vin—Vour) =35V 1.22 1.25 1.285 | 1.22 1.25 1.285 V 
20MA <loyt< 10A, P< 75W 
AVovt | Line Regulation 3V S(Vin— Vout) <35V, 
Vin lout =20mA (See Note 2) 
Ty=25°C 0.005 0.01 0.005 0.02 YAY 
[ 0.02 0.03 0.02 0.03 | %/V 
AVour | Load Regulation 20MA <loy7<10A 
Alout {See Note 2) 
Ty=25°C 
3V <(Vin — Vout) $35V 0.1 0.4 0.1 0.6 % 
3V <(Vin—Voyr) $35V 0.3 08 | 0.3 1 % 
Thermal Regulation | T,=25°C, 20ms Pulse 0.002 0.005 | 0.002 0.01 | %/W 


Ripple Rejection Vout = 10V, f = 120Hz 


Cap =0 
Cans = 10pF 


Adjust Pin Current 
Alay Adjust Pin Current 20MA <loyt = 10A 


_{ Change 3V <(Vin—Vour) s35V 
Minimum Load (Vin — Vout) =35V 
_| Current (Vin — Vout) = 20V 
Isc Current Limit (Vin—Vour) = 10V 
oc 


Transient (0.5ms) 
(Vin— Vout) = 30V, Tj = 25°C 


AVour | Temperature Stability 
Alemp | 
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SYMBOL 


Long Term Stability 


RMS Output Noise 
(% of Vout) 
Thermal Resistance 
Junction to Case 


Ta = 25°C, 


10Hz <f <10kHz 


Power Transistor 
Control Circuitry 


ELECTRICAL CHARACTERISTICS (see Note 1) 


PARAMETER CONDITIONS ETen 
MIN TYP MAX 


Ty = 125°C, 1000 Hours 


LT1038C 
MIN TYP MAX 


ii 0.3 1 0.3 1 
ii 0.001 0.001 
1 { 
0.5 0.5 


The @ denotes the specifications which apply over the full operating 


temperature range. 


Note 1: Unless otherwise specified, these specifications apply: 


Note 2: See thermat regulation specifications for changes in output 


voltage due to heating effects. Load and line regulation are measured at a 


Vin — Vout = SV and Ioyy=5A. These specifications are applicable tor 
power dissipations up to 75W. At input-output voltage differentials 
greater than 10V, achievable output current and power dissipation 


decrease due to protection circuitry. 


constant junction temperature by low duty cycle pulse testing. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Dropout Voltage 
= 
a 
<< 
= 
a 
6 
x 
= 
& 
2 
= 
> 
2 
fe 
2 
S 
1 
75-50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 
Output Impedance 
10 
Vin = 15V 
1 Vout=10V-—+—Cany=0 
oo =1A Cour=0 
€ lout out 
w 
$04 + + 
Ss 
a 
= 
= Cany= 10nF 
0.01 ADY= 10p 
= Cour = 10uF 
= 
i=) 
0.001 
0.0001 
10 100 1k 10k = 100k 1M 


FREQUENCY (Hz) 


Adjustment Current 


ADJUSTMENT CURRENT (nA) 


—25 25 7 125 
TEMPERATURE (°C) 


Minimum Operating Current 


QUIESCENT CURRENT (mA) 


0 
0 5 10 15 20 2 30 35 40 
INPUT-OUTPUT DIFFERENTIAL (V)} 


REFERENCE VOLTAGE (V 


RIPPLE REJECTION (dB) 


1.270 
— 1.260 
1.250 —s 
1.240 
1.230 
0 


Temperature Stability 


—50 -25 0 2 5 75 100 125 150 
TEMPERATURE (°C) 


Ripple Rejection 


Vin—Vout=5V¥ 
lour=1A 
f=120Hz 
Tj=25°C 


0 5 10 15 2 2% 30 % 
OUTPUT VOLTAGE (V) 


Wien 


LT1038 


TYPICAL PERFORMANCE CHARACTERISTICS 


Ripple Rejection 
100 
Viy=15V 
Capy = 10uF Vout=10V 
80 4 lour=14 
a 
= 
3 60 
8 C, 0 
| 
id ‘AD 
w 40 t 
4 
£ | 
ao 
20 7 + 
0 
10 100 1k 10k 100k 1M 


FREQUENCY (Hz) 


Current Limit 
28 


Vin=10V 
Vour=5V 
Toase = 25°C 


OUTPUT CURRENT (A) 


1 10 
TIME (ms) 
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APPLICATIONS INFORMATION 


General 


The LT1038 develops a 1.25V reference voltage between 
the output and the adjustment terminal (see Figure 1). By 
placing a resistor, R1, between these two terminals, a 
constant current is caused to flow through R1 and down 
through R2 to set the overall output voltage. Normally this 
current is the specified minimum load current of 10 or 
20mA. Because lapy is very small and constant when 
compared with the current through R1, it represents a 
small error and can usually be ignored. 


Bypass Capacitors 


Input bypassing using a 1F tantalum or 25yF electrolytic 
is recommended when the input filter capacitors are more 
than 5 inches from the device. Improved ripple rejection 
(80dB) can be accomplished by adding a 10, capacitor 
from the adjust pin to ground. Increasing the size of the 
capacitor to 20uF will help ripple rejection at low output 
voltage since the reactance of this capacitor should be 
small compared to the voltage setting resistor, R2. For im- 
proved AC transient response and to prevent the possibil- 


Vout=Vrer ( +82) +lagy R2 


Figure 1. Basic Adjustable Regulator 


LT Wee 


ity of oscillation due to unknown reactive load, a 1pF 
capacitor is also recommended at the output. Because of 
their low impedance at high frequencies, the best type of 
capacitor to use is solid tantalum. 


Protection Diodes 


The LT1038 does not require a protection diode from the 
adjustment terminal to the output (see Figure 2). Im- 
proved internal circuitry eliminates the need for this diode 
when the adjustment pin is bypassed with a capacitor to 
improve ripple rejection. 


If a very large output capacitor is used, such as a 100nF 
shown in Figure 2, the regulator could be damaged or de- 
stroyed if the input is accidentally shorted to ground or 
crowbarred, due to the output capacitor discharging into 
the output terminal of the regulator. To prevent this, a 
diode, D1 as shown, is recommended to safely discharge 
the capacitor. 


D1 
1N4002 


Vin 


NOT NEEDED 


Figure 2 


LT1038 


LN Ee 


APPLICATIONS INFORMATION 
Load Regulation . 


Because the LT1038 is a three-terminal device, it is not 
possible to provide true remote load sensing. Load 
regulation will be limited by the resistance of the wire 
connecting the regulator to the load. The data sheet 
specification for load regulation is measured at the bottom 
of the package. Negative side sensing can be a true 
Kelvin connection if the bottom of resistor R2 is returned 
to the negative side of the load. Although it may not be im- 
mediately obvious, best load regulation is obtained when 
the top of the resistor divider, R1, is connected directly to 
the case, not to the load. This is illustrated in Figure 3. If 


Vin 


R1 were connected to the load, the effective resistance 
between the regulator and the load would be 


R14 


Connected as shown, Rp is not multiplied by the divider 
ratio. Rp is about 0.0040 per foot using 16 gauge wire. 
This translates to 4mV/ft at 1A load current, so it is im- 
portant to keep the lead between the regulator and the 
load as short as possible, and use large wire or PC board 
traces. 


Rp X (f a ") , Rp =Parasitic Line Resistance. 


Rp 


PARASITIC 
LINE RESISTANCE 


CONNECT 
Ri TO CASE 

Ri Ae 
R2 


LT CONNECT R2 


= TO LOAD 


Figure 3. Connections for Best Load Regulation 


TYPICAL APPLICATIONS 


Vin 


Paralleling Regulators 


2 FEET #18 WIRE* 


& Re 
Voyr= 1.25 ( +) 


loyr=0A TO 20A 
0.0182 


“THE #18 WIRE ACTS 
AS BALLAST RESISTANCE 
INSURING CURRENT SHARING 
BETWEEN BOTH DEVICES. 
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TYPICAL APPLICATIONS 


10 Amp Variable Regulator* 


sa] 
TRIAD 
F-269U 


i 1.5k 100pF 
110 VAC ie | 


1N4003 


LT1004-1.2 
2.7k 


*1% FILM RESISTOR 
L—DALE TO-5 TYPE 
T2—STANCOR 112-2003 


+15V —15V 


tuF 


GENERAL PURPOSE REGULATOR WITH SCR PREREGULATOR 70 LOWER POWER 
DISSIPATION. ABOUT 4V DIFFERENTIAL 1S MAINTAINED ACROSS THE LT1038 
INDEPENDENT OF OUTPUT VOLTAGE AND LOAD CURRENT. 
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TYPICAL APPLICATIONS 


Improving Ripple Rejection 1.2V-25V Adjustable Regulator 


*C1 IMPROVES RIPPLE REJECTION. X¢ SHOULD “NEEDED IF DEVICE IS FAR FROM FILTER CAPACITORS 
BE SMALL COMPARED TO R2. TOPTIONAL—IMPROVES TRANSIENT RESPONSE 


tHVgyr = 1.25V (+8) 


5V Regulator with Shutdown 
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TYPICAL APPLICATIONS 


Remote Sensing 


R 
p 
(MAX DROP 300mV) OUTPUT 


Vin 


RETURN 


Temperature Compensated Lead Acid 
Battery Charger 


THERMALLY 
COUPLED 


| 


Sem 


CHARGE 


“LOAD ON BATTERY » 200uA WHEN NOT CHARGING 
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TYPICAL APPLICATIONS 


Lamp Flasher Automatic Light Control 


Protected High Current Lamp Driver 


12V 
10A 
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SCHEMATIC DIAGRAM 
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LT1038 
PACKAGE DESCRIPTION 


K Package TO-3 Steel Metal Can 


0.750-0.775 
<~(19.05—19.69) 
0.176 
f (2.946) 
0.325 —0.350 Max 
18.255 —8 890) { 
SEATING PLANE 
0.420-0.490 i 
(10.67 — 12.45) 


| 0.058 - 0.062 
(1473-1574) 
4.177-1.197 


(29.90 —30.40} 
0.660 -0.670 


0.210—0.220 


(5.334—5.588) . 
0.168-0.178 


(4.267 -4.521) 
0.425 0.435 RTYP 
(10.80 — 11.05) 


2 MOUNTING HOLES. 
0.151 —0.161 
(3.835 — 4.089) 

DIA 


0.490—0.510 
{12.45 — 12.95) 
a 
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FEATURES 


® Three Terminal Adjustable 

= Output Current of 3A, 5A or 7.5A 

® Operates Down to 1V Dropout 

= Guaranteed Dropout Voltage at Multiple Current Levels 
® 0.015% Line Regulation 

= 0.01% Load Regulation 

® 100% Thermal Limit Burn-In 

= Fixed Versions Available 


APPLICATIONS 


= High Efficiency Linear Regulators 
® Post Regulators for Switching Supplies 


LT1083/LT1084/LT1085 


7.5A, 5A, 3A Low Dropout 
Positive Adjustable Regulators 


DESCRIPTION 


The LT1083 series of positive adjustable regulators are de- 
signed to provide 7.5A, 5A and 3A with higher efficiency 
than currently available devices. All internal circuitry is de- 
signed to operate down to 1V input to output differential 
and the dropout voltage is fully specified as a function of 
load current. Dropout is guaranteed at a maximum of 1.5V 
at maximum output current, decreasing at lower load cur- 
rents. On-chip trimming adjusts the reference voltage to 
1%. Current limit is also ee ci the stress 
on both the regulator a r e circuitry under 
overload conditi 


T go? series dey) e ompatible with 
terminal re pit output capacitor is re- 
C 


= Constant Current Regulators 
= Battery Chargers Oo 


et quired on iH es; however, this is usually in- 
a p' rt px egulator designs. 

ike PNP regulators, where up to 10% of the output cur- 
rent is wasted as quiescent current, the LT1083 quiescent 
current flows into the load, increasing efficiency. 


T1085 : 
*Fora 1.5A low dropouaNGgs 


Bee the T1086 data sheet. 


Dropout Voltage vs 


5V, 7.5A Regulator Output Current 


Viy2=6.5V 5V AT 7.5A 


10pF* 
TANTALUM 


INPUT/OUTPUT VOLTAGE DIFFERENTIAL (V) 


VEULL LOAD 


Ieutt Loap/2 
OUTPUT CURRENT (A) 
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ABSOLUTE MAXIMUM RATINGS 


PACKAGE/ORDER INFORMATION 


Power Dissipation..............:esceees Internally Limited ees ] ORDER 
Input to Output Voltage Differential Vu Toe PART NUMBER 
“M GradeS.........cccccececccecseecsececsnenes 35V OUTPUT 
NG! GIAUGS sia cua isatisteacocacieees covets aeens 30V LT1083MK_ LT 1084CK 
Operating Junction Temperature R 
eee ee a LT1083CK LT1085MK 
Control Section ...............608 — 56°C to 150°C Bae LTTOBAMK LT I085CK 
Power Transistor ..............0005 — 56°C to 200°C | 
“C” Grades FRONT VIEW (T1083CP 
Control Section............ccceeeeeees 0°C to 125°C = 
Power Transistor.............+seeeeeee 0°C to 150°C — i LT1084CP 
Storage Temperature .............cc0ees - 65°C to 150°C = ou 
Lead Temperature (Soldering, 10sec) .............. 300°C = [A 
P PACKAGE 
TO-3P PLASTIC 
PRECONDITIONING —— 
100% Thermal Limit Burn-in me LT1084CT 
jo} == le LT1085CT 
| ——— AD 
T PACKAGE 
TO-220 PLASTIC 
ELECTRICAL CHARACTERISTICS (seo Note 1) 
PARAMETER CONDITIONS MIN ‘TYP MAX | _UNITS 
Reference Voltage lour = 10mA, Tj= 25°C, 
(Vin -Vour)=3V (K reaie Only) 1.238 = 1.250 =—1,262 V 
10MAsloursleuuLy 
1.5V<(Viy- Ven) s25V (Notes 3, 5) _|e 1225 1.250 1.270 v 
Line Regulation Itoap= 10mA, 1.5V< (Vy — Vout) s 15V, T; = 25°C 0015 02 r % 
e 0.035 0.2 % 
M Grade 
15V.s(Vjy— Voy) $35V e 0.05 05 % 
C Grade 


15V <(Vin — Voyq) s30V e . . () 
(Notes 1, 2) 
Load Regulation (Vin - Vout) = 3V 
10MA <lour<leuu. Loan 


Tj=25°C (Notes 1, 2, 3, 5) 


e 0.2 04 % 

Dropout Voltage AVngr = 1%, lout= rus Loap, (Notes 4, 5) ° 13 6 V 
Current Limit 

171083 Ww- Your) =5V e 8.0 95 A 

(Vin — Vout) = 25V e 0.4 1.0 A 

LT1084 (Vin Vour) = 5V ° 55 65 A 

Vin ae Voun) = 25V e 0.3 0. 6 A 

171085 (in - Your) = 5V e 3.2 4 A 

(Vin - Vou) = 25V e 0.2 05 {A 
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LT1083/LT1084/LT1085 
ELECTRICAL CHARACTERISTICS (sec note 1 


PARAMETER CONDITIONS MIN TYP MAX UNITS 
Minimum Load Current (Vin - Vout) = 25V e 5 10 mA 
Thermal Regulation Ty = 25°C, 30ms pulse 
LT1083 0.002 0.01 %IW 
11084 0,003 0.015 %IW 
LT1085 0.004 0.02 YIN 
Ripple Rejection f=120Hz 
Capy= 25nF, Coy = 25nF Tantalum 
lout = 'ruttoan, (Vin - Vout) = 9V (Note 5) e 60 ia dB 
Adjust Pin Current Tj=25°C pA 
t— —- uA 
Adjust Pin Current Change 10mA sloytSlFuLLLoaD 
1.5V s(Vin— Vout) 25V (Note 5) ® 4 0.2 5 pA 
Temperature Stability e 0.5 % 
Long Term Stability Ty = 125°C, 1000 Hrs. 0.3 1 % 
RMS Output Noise (% of Vout) T= 25°C . 
10Hz= <f<10kHz 0.003 - % 
Thermal Resistance 
Junction to Case ip 
LT1083 K Package: Control Circuitry/Power Transistor 0.6/1.6 °C 
P Package: Control Circuitry/Power Transistor 0.5/1.6 °C 
T1084 K Package: Control Circuitry/Power Transistor 0.75/2.3 OW 
P Package: Control Circuitry/Power Transistor 0.65/2.3 °CW 
T Package: Control Circuitry/Power Transistor 0.65/2.7 °c 
LT1085 K Package: Control Circuitry/Power Transistor 0.9/3.0 en 
_|___TPackage: Control Circuitry/Power Transistor 0.7/3.0 °C 
The @ denotes the specifications which apply over the full operating Note 3: Iryi Loan is defined in the current limit curves. The lu Loan curve 
temperature range. is defined as the minimum value of current limit as a function of input to 
Note 1: See thermal regulation specifications for changes in output volt- output voltage. Note that the 60W power dissipation for the LT1083 (45W for 
age due to heating effects. Load and line regulation are measured at a. con- the LT1084 (K,, P), 30W for the 171084 (T), 30W for the LT1085) is only achiev- 
stant junction temperature by low duty cycle pulse testing. able over a limited range of input to output voltage. 
Note 2: Line and load regulation are guaranteed up to the maximum power Note 4: Dropout voltage is specified over the full output current range of 
dissipation (60W for the LT1083, 45W for the LT1084 (K, P), 30W for the the device. Test points and limits are shown on the Dropout Voltage curve. 
11084 (1) and 30W for the LT1085). Power dissipation is determined by the Note 5: For LT1083 lryii roan is 5A for - 55°C <T)< - 40°C and 7.54 for 
input/output differential and the output current. Guaranteed maximum Tj2 - 40°C. 
power dissipation will not be available over the full input/output voltage 
range. 
LT1083 Dropout Voltage LT1083 Short Circuit Current T1083 Load Regulation 
2 
S © \NDICATES GUARANTEED TEST POINT 
oe — as }-—+— 
Z —40°C <7; = 150°C _ 
Ee jt. __. S 
a 0°C sT)< 125°C = = 
fad s a 
i oO a 
a 1 E uy 
3 3 = 
E : 8 
= ° + 
aa | 
012 3 4 5 6 7 8 9 10 0 5 0 15 2 2 30 35 —50-25 0 25 50 75 100 125 150 
OUTPUT CURRENT (A) INPUT/OUTPUT DIFFERENTIAL (V) TEMPERATURE (°C) 
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LT1083/LT1084/LT1085 
TYPICAL PERFORMANCE CHARACTERISTICS 


LT1084 Dropout Voltage LT1084 Short Circuit Current LT1084 Load Regulation 
0.10 -— 
=~ Je INDICATES GUARANTEED TEST POINT Al=5A 
ad -- + veh 
z ~ 55°C <T)< 150°C gz 0.05 Le -+ +} —_+ 
= eas 
5 =< Zz 
fa B 
E & 2 0 fees le ie) 
= 3 & 
= 5 8 
3 3 Z 
= 3 S$ 
2 & a 
= i=) = 
= a 5 
= Oo 
= 
= 
J___1 
-50 -25 0 25 50 75 100 125 150 
OUTPUT CURRENT (A) INPUT/OUTPUT DIFFERENTIAL (V) TEMPERATURE (°C) 
LT1085 Dropout Voltage LT1085 Short Circuit Current LT1085 Load Regulation 
2 
> © INDICATES GUARANTEED TEST POINT 
dz — 55°C s7,=150°C 
i= + +— rie = 
a 0°C <7) = 125°C) = = 
im 7; 6 z 
Z g 
= s 5 
5 Co B 
E14 3 5 y 
3 T= —55 ef 3 2 
5 Ty=25°C 2 3 
o io 
= T=150°C = 2 
2 I w 5 
= So 
2 eee 
= 
0 
0 1 2 3 4 o 5 10 1 2 2 30 35 -50 -25 0 25.50 75 100 125 150 
OUTPUT CURRENT (A) \NPUT/OUTPUT DIFFERENTIAL (V) TEMPERATURE (°C) 
Minimum Operating Current Temperature Stability Adjust Pin Current 
10 1.270 100 
m9 90 
é 8 _ 80 
e S 1.260 3 nn 
= uo 6 
Ss So = 
3B 6 = 60 
= 5 > 1.250 3 50 
= 8 2 
wo 4 a ~ 40 
So & n 
= 3 irr] 3 30 
3 © 1.240 cg 
= 2 20 
= 
1 10 
0 1.230 g UH 
0 5 0 1% 20 2 3 35 —50-25 0 2% 50 75 100 125 150 —50 -25 0 2 80 75 100 125 150 
iNPUT/OUTPUT DIFFERENTIAL (V) TEMPERATURE (°C) TEMPERATURE (°C) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


LT1083 Ripple Rejection LT1083 Ripple Rejection vs Current T1083 Maximum Power Dissipation 
100 400 — 400 
Vaippce = SVP Veipple $0.5 | I 
arama NOP ll 2 {p= 120Hz i 
80 Vin—Vour) = 3V 80 = 80 4 
= r Vout) se VauppLe = 3VP-p |_| 
Sa seme TT TTT) og 
eck 2 6 = 60 LT1083MK 
S 5 Vrippte $0.5 Vp-p = 
= 80 [Min aut = oar aw 50 ie: & sory 
ey Onto tf 2 
ty 40 wy 40 40 
= 30 i Hartt 44 Lt = 20 30 ++ trioeacr | 
29 | Caoy=200yF AT FREQUENCIES < 60Hz4 {II 20 LVour=5V 20 
Cagy= 25uF AT FREQUENCIES > 60Hz 
a Ht (T1083CK 
10 Figyt=7A H 40 10 
0 0 pal ) 
10 400 k 0k 400k 0 1 2 3 4 58 6 7 8 50 60 70 80 90 100 110 120 130 140 150 
FREQUENCY (Hz) OUTPUT CURRENT (A) CASE TEMPERATURE (°C) 
* AS LIMITED BY MAXIMUM JUNCTION TEMPERATURE 
LT1084 Ripple Rejection LT1084 Ripple Rejection vs Current LT1084 Maximum Power Dissipation* 
100 100 ———7 il 60 = 
90 90 fp= 120Hz 
Veiprues< 3VP- 50 1 
pe = LT1084 
gS 70 S 70 40 
BS 60 B 6 oy 
= 5 t= 20kHz = 
a 50 3 50 [— Vaipptes0.5Vp-p gw 30 
ra & 
a 40 wy 40 e 1084cT 
2 30 z= 30 
20 }Capy ENCIES <60Hz 20 /-Vour=5V_ ++ 
[ora y= 25yF AT FREQUENCIES > 60Hz Cans=25uF | 10 
10 Flgyr=5A 10 F Cour = 25pF 
go LLU bi 0 —L 0 
10 100 k 10k 400k 0 1 2 3 4 5 50 60 70 80 90 100 110 120 130 140 150 
FREQUENCY (Hz) OUTPUT CURRENT (A) CASE TEMPERATURE (°C) 
“AS LIMITED BY MAXIMUM JUNCTION TEMPERATURE 
LT1085 Ripple Rejection LT1085 Ripple Rejection vs Current T4085 Maximum Power Dissipation* 
100 50 
Veippie s 3Vp-p VaippLe 0.5 
Vp-p 90 
my Vreuil 
i ~ Vout) =3V = 80 40 
a S 70 
= =. t= 20KHz > 
= = OT Vane s0.5 Vi =” 
=. <0. «| 7 
2 x 50 RIPPLE p-p Pa 
2 iz i = 
i wy 40 a) 
4 X = 
i a 
z = 30 { 
ENGIES. 20 Vours sv 10 
ENCIES > Sie 
10 /Coyr=25e& -——- 1 —_J 
0 0 
10 400 1k 40k 400k 0 05 10 415 20 25 30 50 60 70 80 90 100 110 120 130 140 150 
FREQUENCY (Hz) OUTPUT CURRENT (A) CASE TEMPERATURE (°C) 


*AS LIMITED BY MAXIMUM JUNCTION TEMPERATURE 
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TYPICAL PERFORMANCE CHARACTERISTICS 


LT1083 Load Transient Response 


LT1084 Load Transient Response 


LT1085 Load Transient Response 


0.3 
ws w 0.2 
ze ge rae 
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=e | Ae pe 
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EA ie cc 2 Vout 
3 = - Viy=13V 
E 3 oo PRELOAD = 100mA 
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LT1083 Line Transient Response LT1084 Line Transient Response LT1085 Line Transient Response 
60 
40 
= gs = 
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a 
0 100 200 0 100 200 
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The LT1083 family of three terminal adjustable regulators Stability 


is easy to use and has all the protection features that are 
expected in high performance voltage regulators. They are 
short circuit protected, have safe area protection as well 
as thermal shutdown to turn off the regulator should the 
temperature exceed about 165°C. 


These regulators are pin compatible with older three 
terminal adjustable devices, offer lower dropout voltage 
and more precise reference tolerance. Further, the refer- 
ence stability with temperature is improved over older 
types of regulators. The only circuit difference between 
using the LT1083 family and older regulators is that they 
require an output capacitor for stability. 


The circuit design used in the LT1083 family requires the 
use of an output capacitor as part of the device frequency 
compensation. For all operating conditions, the addition 
of 150yF aluminum electrolytic or a 22uF solid tantalum on 
the output will ensure stability. Normally, capacitors 
much smaller than this can be used with the LT1083. Many 
different types of capacitors with widely varying charac- 
teristics are available. These capacitors differ in capacitor 
tolerance (sometimes ranging up to + 100%), equivalent 
series resistance, and capacitance temperature coeffi- 
cient. The 150uF or 22uF values given will ensure stability. 
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APPLICATION HINTS 


When the adjustment terminal is bypassed to improve the 
ripple rejection, the requirement for an output capacitor 
increases. The values of 22uF tantalum or 150F aluminum 
cover all cases of bypassing the adjustment terminal. 
Without bypassing the adjustment terminal, smaller 
capacitors can be used with equally good results and the 
table below shows approximately what size capacitors are 
needed to ensure stability. 


Recommended Capacitor Values 


Input Output Adjustment 
10uF 10uF Tantalum, 50.F Aluminum None 
10uF 22uF Tantalum, 150,F Aluminum 20nF 


Normally, capacitor values on the order of 100yF are used 
in the output of many regulators to ensure good transient 
response with heavy load current changes. Output capaci- 
tance can be increased without limit and larger values of 
output capacitor further improve stability and transient re- 
sponse of the LT1083 regulators. 


Another possible stability problem that can occur in 
monolithic IC regulators is current limit oscillations. 
These can occur because, in current limit, the safe area 
protection exhibits a negative impedance. The safe area 
protection decreases the current limit as the input-to- 
output voltage increases. That is the equivalent of having 
anegative resistance since increasing voltage causes cur- 
rent to decrease. Negative resistance during current limit 
is not unique to the LT1083 series and has been present on 
all power {C regulators. The value of the negative re- 
sistance is a function of how fast the current limit is 
folded back as input-to-output voltage increases. This 
negative resistance can react with capacitors or inductors 
on the input to cause oscillation during current limiting. 
Depending on the value of series resistance, the overall 
circuitry may end up unstable. Since this is a system prob- 
lem, itis not necessarily easy to solve; however it does not 
cause any problems with the IC regulator and can usually 
be ignored. 


Protection Diodes 


In normal operation, the LT1083 family does not need any 
protection diodes. Older adjustable regulators required 


LT1083/LT1084/LT1085 


protection diodes between the adjustment pin and the out- 
put and from the output to the input to prevent overstress- 
ing the die. The internal current paths on the LT1083 
adjustment pin are limited by internal resistors. Therefore, 
even with capacitors on the adjustment pin, no protection 
diode is needed to ensure device safety under short circuit 
conditions. 


Diodes between input and output are usually not needed. 
The internal diode between the input and the output pins 
of the LT1083 family can handle microsecond surge cur- 
rents of 50A to 100A. Even with large output capacitances, 
it is very difficult to get those values of surge currents in 
normal operations. Only with high value of output capaci- 
tors, such as 1000uF to 5000,F and with the input pin in- 
stantaneously shorted to ground, can damage occur. A 
crowbar circuit at the input of the LT1083 can generate 
those kinds of currents, and a diode from output to input is 
then recommended. Normal power supply cycling or even 
plugging and unplugging in the system will not generate 
current large enough to do any damage. 


The adjustment pin can be driven on a transient basis 
+25V, with respect to the output without any device 
degradation. Of course, as with any IC regulator, exceed- 
ing the maximum input to output voltage differential 
causes the internal transistors to break down and none of 
the protection circuitry is functional. 


01 
1N4002 
(OPTIONAL) 


ViN 


Cans R2 


T 10yF 


Overload Recovery 


Like any of the IC power regulators, the LT1083 has safe 
area protection. The safe area protection decreases the 
current limit as input-to-output voltage increases and 


LI Wie 
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APPLICATION HINTS 


keeps the power transistor inside a safe operating region 
for all values of input-to-output voltage. The LT1083 protec- 
tion is designed to provide some output current at all val- 
ues of input-to-output voltage up to the device breakdown. 


When power is first turned on, as the input voltage rises, 
the output follows the input, allowing the regulator to start 
up into very heavy loads. During the start-up, as the input 
voltage is rising, the input-to-output voltage differential 
remains small, allowing the regulator to supply large out- 
put currents. With high input voltage, a problem can occur 
wherein removal of an output short will not allow the out- 
put voltage to recover. Older regulators, such as the 7800 
series, also exhibited this phenomenon, so it is not unique 
to the LT1083. 


The problem occurs with a heavy output load when the in- 
put voltage is high and the output voltage is low, such as 
immediately after a removal of a short. The load line for 
such a load may intersect the output current curve at two 
points. If this happens, there are two stable output operat- 
ing points for the regulator. With this double intersection, 
the power supply may need to be cycled down to zero and 
brought up again to make the output recover. 


Ripple Rejection 


The typical curves for ripple rejection reflect values for a 
bypassed adjustment pin. This curve will be true for all val- 
ues of output voltage. For proper bypassing, and ripple 
rejection approaching the values shown, the impedance of 
the adjust pin capacitor, at the ripple frequency should 
equal the value of R1, (normally 1000-1200). The size of the 
required adjust pin capacitor is a function of the input rip- 
ple frequency. At 120Hz the adjust pin capacitor should be 
13yF if Rt = 1000. At 10kHz only 0.16yF is needed. 


For circuits without an adjust pin bypass capacitor, the 
ripple rejection will be a function of output voltage. The 
output ripple will increase directly as a ratio of the output 
voltage to the reference voltage (Vour/Vrer). For example, 
with the output voltage equal to 5V, and no adjust pin 
capacitor, the output ripple will be higher by the ratio of 
5Vi1.25V or 4 times larger. Ripple rejection will be de- 
graded by 12dB from the value shown on the typical curve. 


Output Voltage 


The LT1083 develops a 1.25V reference voltage between 
the output and the adjust terminal (see Figure 1). By plac- 
ing aresistor, R1, between these two terminals, a constant 
current is caused to flow through R1 and down through R2 
to set the overall output voltage. Normally this current is 
the specified minimum load current of 10mA. Because 
IaDy is very small and constant when compared with the 
current through Ri, it represents a small error and can 
usually be ignored. 


Vin 


S0uA 
R2 


Vout=Vaer ( + x) + Igy R2 


Figure 1. Basic Adjustable Regulator 
Load Regulation 


Because the LT1083 is a three-terminal device, it is not 
possible to provide true remote load sensing. Load regula- 
tion will be limited by the resistance of the wire connect- 
ing the regulator to the load. The data sheet specification 
for load regulation is measured at the bottom of the pack- 
age. Negative side sensing is a true Kelvin connection, 
with the bottom of the output divider returned to the nega- 
tived side of the load. Although it may not be immediately 
obvious, best load regulation is obtained when the top of 
the resistor divider, (R1), is connected directly to the case 
not to the load. This is illustrated in Figure 2. If R1 were 
connected to the load, the effective resistance between 
the regulator and the load would be 


Rp X (es, Rp = Parasitic Line Resistance. 


Connected as shown, Rp is not multiplied by the divider ra- 
tio. Rp is about 0.0040 per foot using 16 gauge wire. This 
translates to 4mV/ft at 1A load current, so it is important to 
keep the positive lead between regulator and load as short 
as possible, and use large wire or PC board traces. 
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APPLICATION HINTS 


Rp 
ITI 
LINE RESISTANCE 


Vin——yMin  ET1083 


RI CONNECT 
R1 TO CASE 


aS 


I CONNECT R2 


= TO LOAD 


Figure 2. Connections for Best Load Regulation 


Thermal Considerations 


The T1083 series of regulators have internal power and 
thermal limiting circuitry designed to protect the device 
under overload conditions. For continuous normal load 
conditions however, maximum junction temperature rat- 
ings must not be exceeded. It is important to give careful 
consideration to all sources of thermal resistance from 
junction to ambient. This includes junction to case, case 
to heat sink interface, and heat sink resistance itself. New 
thermal resistance specifications have been developed to 
more accurately reflect device temperature and ensure 
sate operating temperatures. The data section for these 
new regulators provides a separate thermal resistance 
and maximum junction temperature for both the Contro/ 
Section and the Power Transistor. Previous regulators, 
with a single junction to case thermal resistance speci- 
fication, used an average of the two values provided here 
and therefore could allow excessive junction tempera- 
tures under certain conditions of ambient temperature 
and heat sink resistance. To avoid this possibility, calcula- 
tions should be made for both sections to ensure that both 
thermal limits are met. 


LT1083/LT1084/LT1085 


Junction-to-case thermal resistance is specified from the 
IC junction to the bottom of the case directly below the 
die. This is the lowest resistance path for heat flow. Proper 
mounting is required to ensure the best possible thermal 
flow from this area of the package to the heat sink. Ther- 
mal compound at the case-to-heat-sink interface is 
strongly recommended. If the case of the device must be 
electrically isolated, a thermally conductive spacer can be 
used, as long as its added contribution to thermal re- 
sistance is considered. Note that the case of all devices in 
this series is electrically connected to the output. 


For example, using a LT1083CK (10-3, Commercial) and 
assuming: 
Vin (max continuous) = 9V, Vout =5V, lour= 6A, 
TAMBIENT = 75°C, @HEAT SINK = 1°C/MW, 


OCASE-TO-HEAT-SINK = 0.2°C/W for K package with 
thermal compound. 


Power dissipation under these conditions is equal to: 
Pp =(Vin- Vout) (lout) = 24W 
Junction temperature will be equal to: 


Tj= Tawpient + Pp @HEAT-SINK + 
OCASE-TO-HEAT-SINK + 6jc) 


For the Control Section: 
p= 75°C + 24W (1°CW + 0.2°CIW +.0.6°CW) = 118°C 


118°C < 125°C = Timax (Control Section 
Commercial Range) 


For the Power Transistor: 


T,= 75°C + 24W (1°C/W + 0.2°CIW + 1.6°CM) = 142°C 
142°C < 150°C = Timax (Power Transistor 
Commercial Range) 


In both cases the junction temperature is below the maxi- 
mum rating for the respective sections, ensuring reliable 
operation. 


wee 
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TYPICAL APPLICATIONS 


Paralleling Regulators Improving Ripple Rejection 


Vw 2 FEET #18 WIRE Vin 16.5 


Vour==1.25 (+2) 


lour=0A TO 15A 


150uF 
0.0150 


“THE #18 WIRE ACTS 
AS BALLAST RESISTANCE ne 
INSURING CURRENT SHARING 7 
BETWEEN 80TH DEVICES. *C1 IMPROVES RIPPLE REJECTION. X¢ SHOULD 

BE =R1 AT RIPPLE FREQUENCY. 


7.5A Variable Regulator 


1 
TRIAD 
F-269U 0-35V 
0-7.5A 
a 4.5K 100uF 
110 VAC plot -é | 


1N4003 


111004-1.2 
2.7k 


"1% FILM RESISTOR 
L—DALE TO-5 TYPE 
T2—STANCOR 112-2003 


11k* 


+15V —15V 


1yF 


GENERAL PURPOSE REGULATOR WITH SCR PREREGULATOR TO LOWER POWER 
DISSIPATION. ABOUT 1.7V DIFFERENTIAL |S MAINTAINED ACROSS THE LT1083 
INDEPENDENT OF OUTPUT VOLTAGE AND LOAD CURRENT. 
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TYPICAL APPLICATIONS 


High Efficiency Regulator 


Remote Sensing 


Rp 
{MAX DROP 300mv) OUTPUT 
5V 


RETURN 


1.2V-15V Adjustable Regulator 


“NEEDED IF DEVICE IS FAR FROM FILTER CAPACITORS 


tVoyr=1.25V (+2) 


Automatic Light Control 


LT1083/LT1084/LT1085 


BLOCK DIAGRAM 


: THERMAL ; 
a (i) Umit 


PACKAGE DESCRIPTIONS Dimensions in inches (millimeters) unless otherwise noted. 
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TECHNOLOGY 


FEATURES 


= Three Terminal Fixed 5V and 12V 

= Output Current of 3A, 5A or 7.5A 

= Operates Down to 1V Dropout 

= Guaranteed Dropout Voltage at Multiple Current Levels 
m (0.015% Line Regulation 

= 0.1% Load Regulation 

® 100% Thermal Limit Burn-in 

= Adjustable Versions Available 


APPLICATIONS 


® High Efficiency Linear Regulators 

m Post Regulators for Switching Supplies 
= Constant Current Regulators 

= Battery Chargers 


LT1083 ° 


LT1084 \7 : 
Tyga 


SV AT 7.5A 


= 2QuF* 


Mn 
T TANTALUM 


*REQUIRED FOR STABILITY 
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LT1083/4/5-5 
LT1083/4/5-12 


3A, 5A, 7.5A Low Dropout 
Positive Fixed Regulators 


DESCRIPTION 


The LT1083 series of positive fixed regulators are designed 
to provide 3A, 5A and 7.5A with higher efficiency than cur- 
rently available devices. All internal circuitry is designed 
to operate down to 1V input to output differential and the 
dropout voltage is fully specified as a function of load cur- 
rent. Dropout is guaranteed at a maximum of 1.5V at maxi- 
mum output current, decreasing at lower load currents. 
On-chip triniming adjusts the output voltage to 1%. Cur- 
rent limit is also trimmed, minimizing the stress on both 
the regulator and power source cirguitry under overload 
conditions. 


The LT1083 sex «Eh. compatible with older 3 
tery -A10uF 0 itor is required on 
i devices; 


wasted as quiescent current, the 111083 quiescent 
current flows into the load, increasing efficiency. 


Dropout Voltage vs 
Output Current 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Power Dissipation ..............0.0000 Internally Limited ORDER 
Input Voltage (00) | 30V PART NUMBER 
Operating Input Voltage 
BV Devitas -<iieucd, vies choca vesedtatuadead ecw 20V LT1083MK-5 
12V DEVICES: sscticc3d teeilat is Saws Soe eee neyendences 25V BOTTOM VIEW Aen? 
Operating Junction Temperature Range Yn ; 
CAE Gade P : OUTPUT LT1083CK-12 
Control Section ............0.0000 — 55°C to 150°C asus 
Power Transistor ............c.006 — 58°C to 200°C : 
“C” Grades eND LT1084CK-5 
: K PACKAGE LT1084CK-12 
Control Section. .............c0eeee eee 0°C to 125°C 2-LEAD 10-3 METAL CAN LT1085MK-5 
Power Transistor. .........c..00eee eee 0°C to 150°C LT1085MK-12 
Storage Temperature ..............0000 - 65°C to 150°C LT1085CK-5 
Lead Temperature (Soldering, 10sec) .............. 300°C LT1085CK-12 


FRONT VIEW 


Note 1: Although the devices maximum operating voltage is limited, (20V 


for a 5V device, and 25V for a 12V device) the devices are guaranteed to = Vn LT1083CP-5 

withstand transient input voltages up to 30V. For input voltages greater ae LT1083CP-12 

than the maximum operating input voltage some degradation of specifica- LT1084CP-5 

tions will occur. For input/output voltage differentials greater than 15V, a = | eno LT1084CP-12 
PACKAG 


minimum external load of 5mA is required to maintain regulation. 


P E 
3-LEAD T0-3P PLASTIC 
ee LT1084CT-5 
a LT1084CT-12 
-+——> end LT1085CT-5 
PRECONDITIONING 1 PACKAGE LT1085CT-12 


3-LEAD T0-220 PLASTIC 


100% Thermal Limit Burn-in 


ELECTRICAL CHARACTERISTICS 


PARAMETER CONDITIONS MIN TYP MAX | UNITS 
Output Voltage 
LT1083/4/5-5 lour= OMA, T;= 25°C, Viy = 8V (K Package Only) 4.950 5.000 5.050 v 
Osloyrsleuit oan, 6.5V <Viy <20V (Notes 3, 5) e 4.900 5.000 5.100 v 
LT1083/4/5-12 lour = OMA, Tj = 25°C, Vin = 15V (K Package Only) 11,880 12.000 12.120 V 
Oslout strut Loan, 13-5V s Vin s25V (Notes 3, 5) 1$4 11.760 12.000 12.240 V 
Line Regulation 
LT1083/4/5-5 loyt = OMA, T= 25°C, 6.5V < Viy <20V (Notes 1, 2) 0.5 10 mV 
e 1.0 10 mV 
L11083/4/5-12 lour = OmA, T} = 25°C, 13.5V< Viy <25V (Notes 1, 2) 1.0 25 mV 
je 2.0 2 {mv 
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ELECTRICAL CHARACTERISTICS 


PARAMETER CONDITIONS 
Load Regulation 
LT1083/415-5 Vin=8V, 0<lourslrunttoan: 
T)= 25°C (Notes 1, 2, 3, 5) 
mV 
LT1083/4/5-12 Vin= 15V, O<lours TFULLLOAD» 
T,= 25°C (Notes 1, 2, 3, 5) 
j 
Dropout Voltage (Vy — Vout) 
LT1083/4/5-5 AVour=50mvV, lour=!ruLt Loan (Notes 4, 5) 1.3 
LT1083/4/5-12 a AVoyt = 120MV, lour = Irui Loan (Notes 4, 5) | 1.3 
Current Limit 
LT1083-5 Vin = 10V e 8.0 9.5 
LT1083-12 Vin= 17¥ e 8.0 9.5 
LT1084-5 Viy=10V e 55 6.5 
LT1084-12 Vin=17V e 5.5 65 
LT1085-5 Vin =10V e 3.2 4.0 
LT1085-12 {| Viy=17V e 3.2 4.0 
Quiescent Current 
1T1083/4/5-5 Vin s20V e 5.0 
LT1083/4/5-12 Vins 25V | eo! 5.0 
Thermal Regulation TJ, = 25°C, 30ms pulse 
L¥1083-5/12 0.002 
LT1084-5/12 0.003 
L71085-5/12 | iL 0.004 
Ripple Rejection f = 120H2, Coyy = 25¢F Tantalum 
lour= runt Loap 
LT1083/4/5-5 Vin =8V (Note 5) e 60 68 
LT1083/4/5-12 Vin = 15V (Note 5) e pao 60 
Temperature Stability =a) 05 
Long Term Stability Ty = 125°C, 1000 Hrs. 0.03 
RMS Output Noise(% of Von) | -‘Ta=25°C 
(ie 10Hz= <f<10kHz 0.003 
Thermal Resistance 
Junction to Case 
T1083 K Package: Control Circuitry/Power Transistor 0.6/1.6 °oCw 
P Package: Control Circuitry/Power Transistor 0.5/1.6 °CW 
71084 K Package: Control Circuitry/Power Transistor 0.76/2.3 °CW 
P Package: Control Circuitry/Power Transistor 0.65/2.3 el 
T Package: Control Circuitry/Power Transistor 0.65/2.7 °C 
LT1085 K Package: Control Circuitry/Power Transistor °C 
T Package: Control Circuitry/Power Transistor °C 


The @ denotes the specifications which apply over the full operating Note 3: Iruioap is defined in the current limit curves. The lryii toap curve 
temperature range. is defined as the minimum value of current limit as a function of input to 
Note 1: See thermal regulation specifications for changes in output volt- output voltage. Note that the 60W power dissipation for the LT1083 (45W for 
age due to heating effects. Load and line regulation are measured atacon- the LT1084(K, P), 30W for the LT 1084 (T}, 30W for the LT1085) is only achiev- 
stant junction temperature by low duty cycle pulse testing. able over a limited range of input to output voltage. 

Note 2: Line and load regulation are guaranteed up tothe maximum power Note 4: Dropout voitage is specified over the full output current range of 
dissipation (60W for the LT1083, 45W for the LT1084 (K, P), 30W for the the device. Test points and limits are shown on the Dropout Voltage curve. 
LT1084 (T) and 30W for the LT1085). Power dissipation is determined by the Note 5: For LT1083 leit roan is 5A for - 55°C <T} < ~ 40°C and 7.5A for 
input/output differential and the output current. Guaranteed maximum Tj= - 40°C. 

power dissipation will not be available over the full input/output voltage 

range. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


LT1083 Dropout Voltage 


¢ INDICATES GUARANTEED TEST POINT 
40°C <7} = 150°C 


MINIMUM INPUT/OUTPUT DIFFERENTIAL (V) 


0 12 3 4 5 6 7 8 3 0 
OUTPUT CURRENT (A) 
LT1084 Dropout Voltage 


}@ INDICATES GUARANTEED TEST POINT 


MINIMUM INPUT/OUTPUT OiFFERENTIAL (V} 


OUTPUT CURRENT (A) 


LT1085 Dropout Voltage 

@ INDICATES GUARANTEED TEST POINT 
4 —} 4 — 

—65°C =7,=150°C 

ocsTs125°C| | 


MINIMUM INPUT/OUTPUT DIFFERENTIAL (V) 


SHORT CIRCUIT CURRENT (A) 


SHORT CIRCUIT CURRENT (A) 


SHORT CIRCUIT CURRENT (A) 


LT1083 Short Circuit Current 
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LT1083 Load Regulation 
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LT1084 Load Regulation 
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TYPICAL PERFORMANCE CHARACTERISTICS 


111083/4/5-5 Ripple Rejection - 
LT1083/4/5-5 Ripple Rejection ys Current Temperature Stability 


Vaippce = 3VP-P|V ripple S0.5Vp-p 


[| t= 120i 


Vuppte = SVP? 


RIPPLE REJECTION (4B) 
RIPPLE REJECTION (4B) 


OUTPUT VOLTAGE CHANGE (%) 


40 100 1k 40k 100k 0 02 04 O08 O08 10 “50 -25 0 25 50 75 100 125 150 
FREQUENCY (Hz) OUTPUT CURRENT (0 TO Irute Loan) TEMPERATURE (°C) 


LT1083/4/5-12 Ripple Rejection 


LT1083/4/5-12 Ripple Rejection vs Current LT1083 Maximum Power Dissipation’ 
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* AS LIMITED BY MAXIMUM JUNCTION TEMPERATURE 


LT1084 Maximum Power Dissipation* LT1085 Maximum Power Dissipation* 
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APPLICATION HINTS 


The 111083 family of three terminal regulators is easy to 
use and has all the protection features that are expected 
in high performance voltage regulators. They are short 
circuit protected, have safe area protection as well as ther- 
mal shutdown to turn off the regulator should the tempera- 
ture exceed about 165°C, 


These regulators offer lower dropout voltage and more 
precise reference tolerance. Further, the reference stabil- 
ity with temperature is improved over older types of 
regulators. The only circuit difference between using the 
111083 family and older regulators is that they require an 
output capacitor for stability, 


Stability 


The circuit design used in the LT1083 family requires the 
use of an output capacitor as part of the device frequency 
compensation. For all operating conditions, the addition 
of 150,F aluminum electrolytic or a 22uF solid tantalum on 
the output will ensure stability. Normally, capacitors 
much smaller than this can be used with the LT1083. Many 
different types of capacitors with widely varying charac- 
teristics are available. These capacitors differ in capacitor 
tolerance (sometimes ranging up to + 100%), equivalent 
series resistance, and capacitance temperature coeffi- 
cient. The 150yF or 22uF values given will ensure stability. 


Normally, capacitor values on the order of 100uF are used 
in the output of many regulators to ensure good transient 
response with heavy load current changes. Output capaci- 
tance can be increased without limit and larger values of 
output capacitor further improve stability and transient re- 
sponse of the LT1083 regulators. 


Another possible stability prowiem that can occur in 
monolithic IC regulators is current limit oscillations. 
These can occur because, in current limit, the safe area 
protection exhibits a negative impedance. The safe area 
protection decreases the current limit as the input-to- 
output voltage increases. That is the equivalent of having 
a negative resistance since increasing voltage causes cur- 
rent to decrease, Negative resistance during current limit 
is not unique to the LT1083 series and has been present on 
all power IC regulators. The value of the negative re- 
sistance is a function of how fast the current limit is 


folded back as input-to-output voltage increases. This 
negative resistance can react with capacitors or inductors 
on the input to cause oscillation during current limiting. 
Depending on the value of series resistance, the overall 
circuitry may end up unstable. Since this is a system prob- 
lem, it is not necessarily easy to solve; however it does not 
cause any problems with the IC regulator and can usually 
be ignored. 


Protection Diodes 


In normal operation, the LT1083 family does not need any 
protection diodes. The internal diode between the input 
and the output pins of the LT1083 family can handle 
microsecond surge currents of 50A to 100A. Even with 
large output capacitances, it is very difficult to get those 
values of surge currents in normal operation. Only with 
high value output capacitors, such as 1000sF to 5000uF 
and with the input pin instantaneously shorted to ground, 
can damage occur. A crowbar circuit at the input of the 
LT1083 can generate those kinds of currents, and a diode 
from output to input is then recommended. Norma! power 
supply cycling or even plugging and unplugging in the sys- 
tem will not generate currents large enough to do any 
damage. 


Dt 
4N4002 
(OPTIONAL) 


Overload Recovery 


Like any of the IC power regulators, the LT1083 has safe 
area protection. The safe area protection decreases the 
current limit as input-to-output voltage increases and 
keeps the power transistor inside a safe operating region 
for all values of input-to-output voltage. The 171083 protec- 
tion is designed to provide some output current at all val- 
ues of input-to-output voltage up to the device breakdown. 
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APPLICATION HINTS 


When power is first turned on, as the input voltage rises, 
the output follows the input, allowing the regulator to start 
up into very heavy loads. During the start-up, as the input 
voltage is rising, the input-to-output voltage differential 
remains small, allowing the regulator to supply large out- 
put currents. With high input voltage, a problem can occur 
wherein removal of an output short will not allow the out- 
put voltage to recover. Older regulators, such as the 7800 
series, also exhibited this phenomenon, so it is not unique 
to the LT1083. 


The problem occurs with a heavy output load when the in- 
put voltage is high and the output voltage is low, such as 
immediately after a removal of a short. The load line for 
such a load may intersect the output current curve at two 
points. If this happens, there are two stable output operat: 
ing points for the regulator. With this double intersection, 
the power supply may need to be cycled down to zero and 
brought up again to make the output recover. 


Ripple Rejection 


In applications that require improved ripple rejection, the 
LT1083 series adjustable regulators should be used. With 
LT1083 series adjustable regulators, the addition of a 
bypass capacitor from the adjust pin to ground will reduce 
output ripple by the ratio of Vour/1.25V. See LT1083 series 
adjustable regulator data sheet. 


Load Regulation 


Because the LT1083 is a three-terminal device, it is not 
possible to provide true remote load sensing. Load regula- 
tion will be limited by the resistance of the wire connect- 
ing the regulator to the load. The data sheet specification 
for load regulation is measured at the bottom of the pack- 
age. Negative side sensing is a true Kelvin connection, 
with the ground pin of the device returned to the negative 
side of the load. 


Thermal Considerations 


The T1083 series of regulators have internal power and 
thermal limiting circuitry designed to protect the device 
under overload conditions. For continuous normal load 
conditions however, maximum junction temperature rat- 
ings must not be exceeded. It is important to give careful 
consideration to all sources of thermal resistance from 
junction to ambient. This includes junction to case, case 
to heat sink interface, and heat sink resistance itself. New 
thermal resistance specifications have been developed to 
more accurately reflect device temperature and ensure 
safe operating temperatures. The data section for these 
new regulators provides a separate thermal resistance 
and maximum junction temperature for both the Control 
Section and the Power Transistor. Previous regulators, 
with a single junction to case thermal resistance speci- 
fication, used an average of the two values provided here 
and therefore could allow excessive junction tempera- 
tures under certain conditions of ambient temperature 
and heat sink resistance. To avoid this possibility, calcula- 
tions should be made for both sections to ensure that both 
thermal limits are met. 


Junction-to-case thermal resistance is specified from the 
IC junction to the bottom of the case directly below the 
die. This is the lowest resistance path for heat flow. Proper 
mounting is required to ensure the best possible thermal 
flow from this area of the package to the heat sink. Ther- 
mal compound at the case-to-heat-sink interface is 
strongly recommended. If the case of the device must be 
electrically isolated, a thermally conductive spacer can be 
used, as long as its added contribution to thermal re- 
sistance is considered. Note that the case of all devices in 
this series is electrically connected to the output. 
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LT1083/4/5-12 

APPLICATION HINTS 

For example, using a LT1083-5CK (T0-3, Commercial) and For the Control Section: 

aera T)= 75°C + 24W (1°C/W + 0.2°CIW + 0.6°CMW) = 118°C 
Vin (max continuous) = 9V, Voyt = 5V, lout = 6A, 118°C < 125°C = Timax (Control Section 
TAMBIENT = 75°C, @HEAT SINK = 1°C/M, Commercial Range) 


OCASE-TO-HEAT-SINK = 0.2°C/W for K package with 


For the Power Transistor: 
thermal compound. 
Tj= 75°C + 24W (1°CW +. 0.2°CW + 1.6°CMW) = 142°C 


Power dissipation under these conditions is equal to: 142°C.< 180°C = Tima (Power Transistor 


Pp =({Vin~ Vou) (lout) = 24W Commercial Range) 
Junction temperature will be equal to: In both cases the junction temperature is below the maxi- 
mum rating for the respective sections, ensuring reliable 
T)= TAMBIENT + Pp (@HEAT-SINK + operation. 
OCASE-TO-HEAT-SINK + 9jc) 
TYPICAL APPLICATIONS 
High Efficiency Regulator 


Paralleling Regulators 


2 FEET #18 WIRE* 
Vin 


Vout=5V 
lgyt=0A TO 154 
0.0159 


*THE #18 WIRE ACTS 
AS BALLAST RESISTANCE 
INSURING CURRENT SHARING 
BETWEEN BOTH DEVICES. 
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TYPICAL APPLICATIONS 


7.5A Regulator 


*1% FILM RESISTOR 
L—DALE T0-5 TYPE 
T2—STANCOR 112-2003 


REGULATOR WITH SCR PREREGULATOR TO 
LOWER POWER DISSIPATION. ABOUT 1.7V 
DIFFERENTIAL 1S MAINTAINED ACROSS THE 


LT1083 INDEPENDENT OF LOAD CURRENT. 
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BLOCK DIAGRAM 
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TYPICAL APPLICATIONS 


Adjusting Output Voltage Regulator with Reference 


*OPTIONAL IMPROVES RIPPLE REJECTION 
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TYPICAL APPLICATIONS 


Low Dropout Negative Supply 


FLOATING INPUT 


Battery Backed Up Regulated Supply 


5.2V LINE 


Vv 
‘ 5.0V BATTERY 


SELECT 
FOI 


R 
CHARGE 
RATE 


65 100pF 
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PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


K Package 
TO-3 Metal Can 


LAT 1197 
129.90 — 30.40) 


0.067 —0.077| 
(1 70-1.56) 


9.160 -0.775 
[oan im 


9.060 - 0.135, 0.210-9.220 
0,320~-0.350 (4.52-~3.43) (5.335.598) 


6 13 6.89) 0.152—0.161 


-” (3.86—4.09) *TVP 


0.425 0.435 


t (10.80—17.05) ~ 
0.420-0.480 ’ 


0.167~0.177 


i RTYP 
{10.87 — 12.19) (4.24—4.49) 
0.038 —-0.043 
(0.965 1.09) 0.496 ~0.525, 
(12.57 — 13.34) 
0.655 -0.675 ; seal 
(16.64 — 17.45) 2188 


P Package T Package 
TO-3P Plastic TO-220 Plastic 


MOUNTING HOLE 
0.125 
(3.175) 0.620 —0.640 0.190 0.200 
bury 0.620 —0.640_ 0.180 = 0.200 15° TP 9.10=0.210 
“—~ (15.748 16.2 = 
(15,748.16 256) (4.572~5.080) f ; 0.170 -0,180 
_ (4.318 = 4.572) 
0.119+0.010 eee 
Breezo za | (9-906=10.414) 0.045 — 0,055 
{4.143 = 9.997) 


0.147 = 0.151 0.250 + 0.020 
(6.350 40.508) 


¥__| (3734 - 3.835) 
9.160--9.18 DIA 
(4.064 =4.572) ae iF ee 0.570 - 0.610 
(14.476 — 15.494) 
0.355 —0.370 
7° TYP (9.017 = 9.398} 


L 0.060 —0.070 


ay 1,778) 


{ so 1.020-4.0.015 0.150 
\ (25.908 + 6.381) (3.810) 


0.540 + 0.040 
Gm (13.716 7.018) 

0,760—0.820 Mi 

{19,892 — 20.828) 


9.130.025 
0.032 + 0.005 
esl (0.8130 127) {0.890~0.655) 
.990-0.125 
(2.286 — 3.175) 


om 
0.070-0.090 Er 
0,040 0.060 9.070 — 0.090 (1.778 ~2.286) 0.050 
(1.016 —1.524) (1.778 2.266} (1.270) 
0.025 — 0.035 Ne ate 
et} Ly 010~0.190 (0.635 —0.889) = 


(2.794—3.302) 


AA12 LY WAR 
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FEATURES 


= Three Terminal Adjustable or Fixed 5V, 12V 

® Output Current of 1.5A, (0.5 for LT1086H) 

= Operates Down to 1V Dropout 

= Guaranteed Dropout Voltage at Multiple Current Levels 
= 0.015% Line Regulation 

# 0.1% Load Regulation 

= 100% Thermal Limit Burn-in 


APPLICATIONS 


® High Efficiency Linear Regulators 

= Post Regulators for Switching Supplies 
® Constant Current Regulators 

= Battery Chargers 


acre™ 


+40 


eV aad 


ot pert 


LT1086/LT1086-5 
LT1086-12/LT1086H 


1.5A Low Dropout 
Positive Regulators 
Adjustable and Fixed SV, 12V 


DESCRIPTION 


The LT1086 is designed to provide 1.54 with higher effi- 
ciency than currently available devices. All internal circuitry 
is designed to operate down to 1V input to output differen- 
tial and the dropout voltage | is fully specified as a function 
of load current. Dropout is guaranteed at a maximum of 

4.5V at maximum output current, decreasing at lower load 
currents. On-chip trimming adjusts the reference/output 
voltage to 1%. Current limit is also trimmed, minimizing the 
stress on both the regulator and wo circuitry un- 


der overload conditions. 
wie ol terminal adjust- 
ont EN r is required on 


The ee 
ia eee § Is usually included in 


most re AY 
pnt regulators, where up to 10% of the output cur- 
nt is 


wasted as quiescent current, the LT1086 quiescent 
current flows into the load, increasing efficiency. 


—zon 8S —_—__—___—— 


High Efficiency Regulator 


LT1086 Dropout Voltage 


@ INDICATES GUARANTEED TEST POINT 
fe — 


—55°C sT)3150°C 


MINIMUM INPUT/OUTPUT DIFFERENTIAL (V) 


0.5 1 
OUTPUT CURRENT (A) 
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Power Dissipation .............0cccsee Internally Limited 
Input Voltage? .......secssseceessseeesteetsseeseens 30V ig Sie Ma 
Operating Input Voltage OUTPUT 
Adj. DeViCOS .......... ccc cecccueaceueseeseseers 25V 
“BV DOVICS «0... ccc ccc cc ceesaseveseeen en vanaues 20V LT1086MK —_LT1086CK 
AN Devices... sss Re enimccn 25V | gl LT1086-5MK LT1086-5CK 
Operating Junction Temperature Range scart AOS yy LT1086-12MK LT1086-12CK 
“M” Grades uate 
Control Section ..........:s000e00s - 55°C to 150°C Sache 
Power Transistor ............:s0000. ~ 55°C to 200°C LT1086CT 
“C” Grades PE vy LT1086-5CT 
Control Section.........cssceceeseees 0°C to 125°C sa ey 
Power Transistor..........sscceeseeees 0°C to 150°C aig 
Storage Temperature ............0ccees ~ 65°C to 160°C 3-LEAD TO-220 PLASTIC 
Lead Temperature (Soldering, 10 sec) .............. 300°C 
“Although the devices maximum operating voltage is limited, (20V for a -5V once LT1086CH 
device, and 25 for adjustable and -12 devices) the devices are guaranteed wNetit LT1086MH 
to withstand transient input voltages up to 30V. For input voltages greater 
than the maximum operating input voltage some degradataion of specifi- AD 
cations will occur. For-5 and -12 devices operating at input/output voltage fear 
differentials greater than 15V, a minimum external load of 5mA is required 
to maintain regulation. H PACKAGE 
PRECONDITIONING 3-LEAD T0-39 METAL CAN 
*FOR FIXED VERSIONS 
100% Thermal Limit Burn-in 
ELECTRICAL CHARACTERISTICS (see Note 1) 
PARAMETER ~ | CONDITIONS MIN TYP MAX UNITS 
Reference Voltage ake oh 
LT1086, LT1086H lour = 10mA, Tj= 25°C, 
(Vin- Vout) = 3V (K Package Only) 1.238 4.250 1.262 v 
10MA <loyt <1.5A, (0.5A for LT1086H) 
1.5V<(Vin — Vout) s 15V al 1.225 1.250 1.270 v 
Output Voltage i 
LT1086-5 lour = OmA, Tj= 25°C 
Vin = 8V (K Package Only) 4,950 5.000 5.050 Vv 
O<lout<1.5A, 6.5V <Vin<20V e 4.900 5.000 5.100 Vv 
T1086-12 lout = OmA, Tj = 25°C 
Vin = 15V (K Package Only) 11.880 12.000 12.120 V 
et OV slouts1.5A, 13.5V < Vins 25V {e {___11.760 12.000 12.240 v 
Line Regulation 
(11086, LT1086H tLoap = 10mA, 1.5V <(Vin - Vout} 15V, Tj = 25°C 0.015 0.2 % 
e 0.035 0.2 % 
LT1086-5 lout = OMA, T; = 25°C, 6.5V < Vin s20V 0.5 10 mV 
e 1.0 10 mV 
LT 1086-12 lout = OmA, T= 25°C, 13.5V < Vij <25V 10 rs) mV 
Lt eo! 2.0 25 mV 
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ELECTRICAL CHARACTERISTICS (500 Note 1) 


PARAMETER CONDITIONS 


Load Regulation 
T1086, LT1086H (Vin- Vout) =3V, 10mA< lout <1.5A, (0.5A for LT1086H) 
j= 25°C (Notes 1, 2) 0.1 0.3 % 
e 0.2 0.4 % 
LT1086-5 Vin=8V, 0<lours1.5A, Tj = 25°C (Notes 1, 2) 5 20 mV 
e 10 35 mV 
LT1086-12 Vin = 15V, 0slours 1.5A, Tj= 25°C (Notes 1, 2) 12 36 mV 
e 24 72 mV 
Dropout Voltage (Vin - Vout) 
LT1086 AVper = 1%, lour = 1.5A (Note 3) e 1.3 15 V 
LT1086H AVper = 1%, loyr =0.5A (Note 3) e 0.95 1.25 V 
LT1086-5 AVout = 50mV, lour= 1.5A (Note 3) e 1.3 15 V 
LT 1086-12 AVout= 120mV, lout = 1.5A (Note 3) e| 1.3 1.5 = Vv 
Current Limit 
11086, LT1086-5, LT1086-12 (Vin- Vout) = 5V e 15 1.6 25 A 
(Vin — Vout) = 25V e| 0075 0.15 A 
LT1086H (Vin-Vour) =5V e| 05 0.7 1.2 A 
a (Vin-Vour) =2.5V i e| 0.03 0.075 | A 
Minimum Load Current = 
LT1086, LT1086H (Vin — Vout) = 25V (Note 4) e 5 10 mA 
Quiescent Current 
LT 1086-5 Vins20V e 5 10 mA 
LT1086-12 Vins 25V e 5 10 =| mA 
Thermal Regulation Ta= 25°C, 30ms Pulse 0.008 0.04 at %IW 
Ripple Rejection 
f= 120Hz, Cour = 25¢F Tantalum 
lout = 1.5A, (Ioyr=0.5A for LT1086H) 
LT1086, LT1086H Cabs = 25pF, (Vin - Vout) =3V e 60 75 dB 
LT1086-5 Vin=8V e 60 68 dB 
171086-12 Vin= 15V e 54 60 dB 
Adjust Pin Current 
171086, LT1086H Tj= 25°C 55 pA 
e 120 pA 
Adjust Pin Current Change 7 
LT1086, LT1086H 10mA <lour <1.5A, (0.5A for LT1086H) 
1.5V <(Vin— Vout) s 15V e 0.2 5 pA 
Temperature Stability \e 05 % 
Long Term Stability Ta= 125°C, 1000 Hrs. 03 1 % 
RMS Output Noise (% of Vout) Ta=25°C 
10Hz<f<10kHz 0.003 | % 
Thermal Resistance if 
Junction to Case K Package: Control Circuitry/Power Transistor °C/W 
T Package: Control Circuitry/Power Transistor 
H Package: Control Circuitry/Power Transistor 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: See thermal regulation specifications for changes in output volt- 
age due to heating effects. Load and line regulation are measured at a con- 
stant junetion temperature by low duty cycle pulse testing. Load regulation 
is measured at the output lead ~ 1/8” from the package. 

Note 2: Line and load regulation are guaranteed up to the maximum power 
dissipation of 15W for the T1086, LT 1086-5 and LT 1086-12, and 3W for the 
LT1086H. Power dissipation is determined by the input/output differential 


and the output current. Guaranteed maximum power dissipation will not be 
available over the full input/output voltage range. See Short Circuit Current 
Curve for available output current. 

Note 3: Dropout voltage is specified over the full output current range of 
the device. Test points and limits are shown on the Dropout Voltage curve. 
Note 4: Minimum load current is defined as the minimum output current re- 
quired to maintain regulation. At 25V input/output differential the device is 
guaranteed to regulate if the output current is greater than 10mA. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


LT1086 Short Circuit Current LT1086 Load Regulation 


SHORT CIRCUIT CURRENT (A) 
OUTPUT VOLTAGE DEVIATION (%) 
é 
B 


or sored Ceri ea 


; a7 


Minimum Operating Current 
(Adjustable Device) 


MINIMUM OPERATING CURRENT (mA) 


GUARANTEED. 
} OUTPUT CURRENT 


—0.20 
5 1 15 20 25 30 -50 -25 0 25 50 75 100 125 150 
INPUT/OUTPUT DIFFERENTIAL (V) TEMPERATURE (°C) 
Temperature Stability Adjust Pin Current 
2.0 100 4 7 
90 t iz [ 4 
=S _. 80 
= 1.0 & 
fat = 70 + 
= = 
= & 60 | 
2 & 
its 
zo =r fee 
= a 
= i 40 + ‘ce —P 
5 3 3 im 4 
5-1.0 <x 
Ss. 20 i :] +} 
10 4 


' 9 
-50 ~25 0 2 50 75 100 125 150 -50 -25'0 2 50 75 100 125 150 
TEMPERATURE (°C) TEMPERATURE (°C) 


LT1086 Ripple Rejection vs 

LT1086 Ripple Rejection Current 
100 
90 


RIPPLES 3Vp-p | 


70 
fg=20kHz 


40 
30 


RIPPLE REJECTION (dB) 
RIPPLE REJECTION (dB) 
g 


10 100 1k 10k 100k 0 0.25 05 0.75 1 1.25 «(1.6 
FREQUENCY (Hz) OUTPUT CURRENT (A) 


POWER (WW) 


RIPPLE REJECTION (dB) 


20 


5 


0 


0 5 10 61506 6.200 5 5 
INPUT/OUTPUT DIFFERENTIAL (V) 


LT1086 Maximum Power 
Dissipation* 


L 
[ 


eae 
50 60 70 80 90 100 110 120 130 140 150 
CASE TEMPERATURE (°C) 


+ 


*AS LIMITED BY MAXIMUM JUNCTION TEMPERATURE 


LT1086-5 Ripple Rejection 


V ripple $0.5Vp-p 
2 BBs ll 


10 100 tk 10k 100k, 
FREQUENCY (Hz) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


LT1086-5 Ripple Rejection vs 
Current 


RIPPLE REJECTION (dB) 


0 0.25 #05 0.75 1 
QUTPUT CURRENT (A) 


LT1086 Line Transient Response 


OUTPUT VOLTAGE 
DEVATION (mV) 


lout =0.2A 
ia Ciw= uF TANTALUM 
ge Coyr=10uF TANTALUM 
H2 
= [=] 
and 
aa 
za 
TIME (ps) 
LT1086H Dropout Voltage 


2 


MINIMUM INPUT/OUTPUT DIFFERENTIAL (V) 


0 0.1 0.2 0.3 0.4 0.5 
OUTPUT CURRENT (A) 


LT1086-12 Ripple Rejection 
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LT1086 Load Transient Response 


100k 


_-03 
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LT1086H Load Regulation 


OUTPUT VOLTAGE DEVIATION (%) 


-2 0 28 S80 
TEMPERATURE (°C) 
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LT1086-12 Ripple Rejection vs 
Current 
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IN 


0 0.25 0.75 1 1.25 1.5 
OUTPUT CURRENT (A) 
LT41086H Short Circuit Current 


SHORT CIRCUIT CURRENT (A) 


—= 
| GUARANTEED 
OUTPUT CURRENT 
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LT1086H Ripple Rejection vs 
Current 
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TYPICAL PERFORMANCE CHARACTERISTICS 


LT1086H Ripple Rejection 


Ns 
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20 | Capy=200pF AT FREQUENCIES <60Hz 
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RIPPLE REJECTION (dB) 


LT1086H Maximum Power 
Dissipation* 


Lt 


LT1086MH 


POWER (W) 


0 
50 60 70 80 90 100 110 120 130 140 150 
CASE TEMPERATURE (°C} 


*AS LIMITED BY MAXIMUM JUNCTION TEMPERATURE 


10 Figyt=0.5A 
10 100 tk 10k 100k 
FREQUENCY (Hz) 
APPLICATION HINTS 


The LT1086 family of three terminal regulators is easy to 
use and has all the protection features that are expected 
in high performance voltage regulators. They are short 
circuit protected, have safe area protection as well as ther- 
mal shutdown to turn off the regulator should the tempera- 
ture exceed about 165°C at the sense point. 


These regulators are pin compatible with older three 
terminal adjustable devices, offer lower dropout voltage 
and more precise reference tolerance. Further, the refer- 
ence stability with temperature is improved over older 
types of regulators. The only circuit difference between 
using the LT1086 family and older regulators is that they 
require an output capacitor for stability. 


Stability 


The circuit design used in the LT1086 family requires the 
use of an output capacitor as part of the device frequency 
compensation. For all operating conditions, the addition 
ot 150uF aluminum electrolytic or a 22uF solid tantalum on 
the output will ensure stability. Normally, capacitors 
much smalier than this can be used with the LT1086. Many 
different types of capacitors with widely varying charac- 
teristics are available. These capacitors differ in capacitor 
tolerance (sometimes ranging up to + 100%), equivalent 
series resistance, and capacitance temperature coeffi- 
cient. The 1504F or 22yF values given will ensure stability. 


When using the LT1086 the adjustment terminal can be 
bypassed to improve ripple rejection. When the adjust- 
ment terminal is bypassed the requirement for an output 
capacitor increases. The values of 22uF tantalum or 150yF 
aluminum cover all cases of bypassing the adjustment 
terminal. For fixed voltage devices or adjustable devices 
without an adjust pin bypass capacitor, smaller output 
Capacitors can be used with equally good results and the 
table below shows approximately what size capacitors are 
needed to ensure stability. 


Recommended Capacitor Values 


Input Output Adjustment 
10,F 10,4F Tantalum, 50,F Atuminum None 
10uF 22yF Tantalum, 1504F Aluminum 20yF 


Normally, capacitor values on the order of 100uF are used 
in the output of many regulators to ensure good transient 
response with heavy load current changes. Output capaci- 
tance can be increased without limit and larger values of 
output capacitor further improve stability and transient re- 
sponse of the LT1086 regulators. 


Another possible stability problem that can occur in 
monolithic IC regulators is current limit oscillations. 
These can occur because, in current limit, the safe area 
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APPLICATION HINTS 


protection exhibits a negative impedance. The safe area 
protection decreases the current limit as the input-to- 
output voltage increases. That is the equivalent of having 
a negative resistance since increasing voltage causes Cur- 
rent to decrease. Negative resistance during current limit 
is not unique to the LT1086 series and has been present on 
all power IC regulators. The value of the negative re- 
sistance is a function of how fast the current limit is 
folded back as input-to-output voltage increases. This 
negative resistance can react with capacitors or inductors 
on the input to cause oscillation during current limiting. 
Depending on the value of series resistance, the overall 
circuitry may end up unstable. Since this is a system prob- 
lem, it is not necessarily easy to solve, however it does not 
cause any problems with the IC regulator and can usually 
be ignored. 


Protection Diodes 


In normal operation, the LT1086 family does not need any 
protection diodes. Older adjustable regulators required 
protection diodes between the adjustment pin and the out- 
put and from the output to the input to prevent overstress- 
ing the die. The internal current paths on the LT1086 
adjustment pin are limited by internal resistors. Therefore, 
even with capacitors on the adjustment pin, no protection 
diode is needed to ensure device safety under short circuit 
conditions. 


Diodes between input and output are usually not needed. 
The internal diode between the input and the output pins 
of the LT1086 family can handle microsecond surge cur- 
rents of 10A to 20A. Even with large output capacitances, 
it is very difficult to get those values of surge currents in 
normal operations. Only with high value of output capaci- 
tors, such as 1000yF to 5000 and with the input pin in- 
stantaneously shorted to ground, can damage occur. A 
crowbar circuit at the input of the LT1086 can generate 
those kinds of currents, and a diode from output to input is 
then recommended. Normal power supply cycling or even 
plugging and unplugging in the system will not generate 
current large enough to do any damage. 


The adjustment pin can be driven on a transient basis 
+25V, with respect to the output without any device 


Vagus, 


degradation. Of course, as with any IC regulator, exceed- 
ing the maximum input to output voltage differential 
causes the internal transistors to break down and none of 
the protection circuitry is functional. 


D1 


1N4002 
(OPTIONAL) 


Overload Recovery 


Like any of the IC power regulators, the LT1086 has safe 
area protection. The safe area protection decreases the 
current limit as input-to-output voltage increases and 
keeps the power transistor inside a safe operating region 
for all values of input-to-output voltage. The LT1086 protec- 
tion is designed to provide some output current at all val- 
ues of input-to-output voltage up to the device breakdown. 


When power is first turned on, as the input voltage rises, 
the output follows the input, allowing the regulator to start 
up into very heavy loads. During the start-up, as the input 
voltage is rising, the input-to-output voltage differential 
remains small, allowing the regulator to supply large out- 
put currents. With high input voltage, a problem can occur 
wherein removal of an output short will not allow the out- 
put voltage to recover. Older regulators, such as the 7800 
series, also exhibited this phenomenon, so it is not unique 
to the LT1086. 


The problem occurs with a heavy output load when the in- 
put voltage is high and the output voltage is low, such as 
immediately after a removal of a short. The load line for 
such a load may intersect the output current curve at two 
points. If this happens, there are two stable output operat- 
ing points for the regulator. With this double intersection, 
the power supply may need to be cycled down to zero and 
brought up again to make the output recover. 
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APPLICATION HINTS 
Ripple Rejection 


For the LT1086 the typical curves for ripple rejection re- 
flect values for a bypassed adjustment pin. This curve will 
be true for all values of output voltage. For proper bypass- 
ing, and ripple rejection approaching the values shown, 
the impedance of the adjust pin capacitor, at the ripple fre- 
quency should equal the value of Ri, (normally 
1002-1200). The size of the required adjust pin capacitor is 
a function of the input ripple frequency. At 120Hz the 
adjust pin capacitor should be 13yF if Ri = 1000. At 10kHz 
only 0.16uF is needed. 


For circuits without an adjust pin bypass capacitor, the 
ripple rejection will be a function of output voltage. The 
output ripple will increase directly as a ratio of the output 
voltage to the reference voltage (Vout/Vrer). For example, 
with the output voltage equal to 5V, and no adjust pin 
capacitor, the output ripple will be higher by the ratio of 
5V/1.25V or 4 times larger. Ripple rejection will be de- 
graded by 12dB from the value shown on the LT1086 curve. 
Typical curves are provided for -5 and -12 devices since the 
adjust pin is not available. 


Output Voltage 


The £11086 develops a 1.25V reference voltage between 
the output and the adjust terminal (see Figure 1). By plac- 
ing a resistor, R1, between these two terminals, a constant 
current is caused to flow through R1 and down through R2 
to set the overall output voltage. Normally this current is 
chosen to be the specified minimum load current of 10mA. 
Because |ap, is very small and constant when compared 
with the current through Ri, it represents a small error and 
can usually be ignored. For fixed voltage devices R1 and 
R2 are included in the device. 


VIN 


laps 


qT a 


Vout=Vree ( + 2) +lapy R2 


Figure 1. Basic Adjustable Regulator 


Load Regulation 


Because the LT1086 is a three-terminal device, it is not 
possible to provide true remote load sensing. Load regula- 
tion will be limited by the resistance of the wire connect: 
ing the regulator to the load. The data sheet specification 
for load regulation is measured at the bottom of the pack- 
age. Negative side sensing is a true Kelvin connection, 
with the bottom of the output divider returned to the nega- 
tived side of the load. Although it may not be immediately 
obvious, best load regulation is obtained when the top of 
the resistor divider, (R1), is connected directly to the case 
hot to the load. This is illustrated in Figure 2. If R1 were 
connected to the load, the effective resistance between 
the regulator and the load would be 


Rp X ue , Rp = Parasitic Line Resistance. 


Rp 
: ITI 
4 LINE RESISTANCE 


CONNECT 


RI Ri TO CASE 


ne CONNECT R2 


=, TO LOAD 
Figure 2. Connections for Best Load Regulation 


Connected as shown, Rp is not multiplied by the divider ra- 
tio. Rp is about 0.0040 per foot using 16 gauge wire. This 
translates to 4mVift at 1A load current, so it is important to 
keep the positive lead between regulator and load as short 
as possible, and use large wire or PC board traces. 


Note that the resistance of the package leads for the H 
package ~0.060/in. While it is usually not possible to con- 
nect the load directly to the package, it is possible to con- 
nect larger wire or PC traces close to the case to avoid 
voltage drops that will degrade load regulation. 


For fixed voltage devices the top of Rt is internally Kelvin 
connected, and the ground pin can be used for negative 
side sensing. 
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Thermal Considerations 


The LT1086 series of regulators have internal power and 
thermal limiting circuitry designed to protect the device 
under overload conditions. For continuous normal load 
conditions however, maximum junction temperature rat- 
ings must not be exceeded. It is important to give careful 
consideration to all sources of thermal resistance from 
junction to ambient. This includes junction to case, case 
to heat sink interface, and heat sink resistance itself. New 
thermal resistance specifications have been developed to 
more accurately reflect device temperature and ensure 
safe operating temperatures. The data section for these 
new regulators provides a separate thermal resistance 
and maximum junction temperature for both the Contro/ 
Section and the Power Transistor. Previous regulators, 
with a single junction to case thermal resistance speci- 
fication, used an average of the two values provided here 
and therefore could allow excessive junction tempera- 
tures under certain conditions of ambient temperature 
and heat sink resistance. To avoid this possibility, calcula- 
tions should be made for both sections to ensure that both 
thermal limits are met. 


For example, using a LT1086CK (TO-3, Commercial) and 
assuming: 


Vin (max continuous) = 9V, Vout =5V, lour= 1A, 
TAMBIENT= 75°C, OHEATSINK= 3°CM, 
BCASE-TO-HEAT-SINK = 0.2°C/W for K package with 
thermal compound. 


Power dissipation under these conditions is equal to: 
Pp = (Vin- Vout) (lour) = 4W 
Junction temperature will be equal to: 


J)=TaMBIENT + Pp (@HEAT-SINK + 
OCASE-TO-HEAT-SINK + jc) 


Fagus 
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For the Control Section: 


T,=75°C + 4W 3°CIW + 0.2°CIW + 1.7°CM) = 95°C 
95°C < 125°C = Timax (Control Section 
Commercial Range) 


For the Power Transistor: 


= 75°C + AW (3°CW + 0.2°CIW + 4°CIW) = 103.8°C 
103.8°C < 150°C = Timax (Power Transistor 
Commercial Range) 


In both cases the junction temperature is below the maxi- 
mum rating for the respective sections, ensuring reliable 
operation. 


Junction to case thermal resistance for the K and T pack- 
ages is specified from the |.C. junction to the bottom of the 
case directly below the die. This is the lowest resistance 
path for heat flow. While this is also the lowest resistance 
path for the H package, most available heat sinks for this 
package are of the clip-on type that attach to the cap of the 
package. The datasheet specification for thermal resis- 
tance for the H package is therefore written to reflect this. 
In all cases proper mounting is required to ensure the best 
possible heat flow from the die to the heat sink. Thermal 
compound at the case-o-heat sink interface is strongly 
recommended. In the case of the H package, mounting the 
device so that heat can flow out the bottom of the case will 
significantly lower thermal resistance (= afactor of 2). If the 
case of the device must be electrically isolated, a thermally 
conductive spacer can be used, as long as its added con- 
tribution to thermal resistance is considered. Note that the 
case of all devices in this series is electrically connected to 
the output. 


5V, 1.5A Regulator 


5V AT 1.54 


+ 10uF* 
TANTALUM 
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TYPICAL APPLICATIONS 


1.2V-15V Adjustable Regulator 


“NEEDED IF DEVICE IS FAR FROM FILTER CAPACITORS 


tVour=1.25V (4%) 


RETURN 


Adjusting Output Voltage of Fixed Regulators 


“OPTIONAL IMPROVES RIPPLE REJECTION 


Protected High Current Lamp Driver 


5V Regulator with Shutdown 


Remote Sensing 


Rp 
(MAX DROP 300mv) 


Vour—1.25 (+82 
Fa et) 


—rs (14 f2 
ns (1+ oy) 
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TYPICAL APPLICATIONS 


High Efficiency Dual Linear Supply 


u 
285 pH 


MBR360 — 1000yF 


(HEATSINK) 
2N6667 1 
(DARLINGTON) 


430VAC- STANCOR 
SQVAC P-8685 


(HEATSINK) 
2N6667 
(DARLINGTON) 


10k 


* = 1% FILM RESISTORS 4 
MDA = MOTOROLA 
L1=PULSE ENGINEERING, INC. #PE-92106 


High Efficiency Dual Supply Battery Backed Up Regulated Supply 


5.2V LINE 
5.0V BATTERY 


FEEDBACK PATH 


muR410 Vin 
5V OUTPUT 


(TYPICAL) 


= 470¢F aa 
CHARGE 
RATE 


MUR410 40 


6.5¥ 
1.54 il 


1N4002 


Viy 2 16.5¥ 
MUR410 


SWITCHING 


REGULATOR 150 pF 


eel 
R2 
- 3652 
*C1 IMPROVES RIPPLE REJECTION. 1% 
Xc SHOULD BE =A1 AT RIPPLE 
FREQUENCY. ae 


* = 1% FILM RESISTORS 
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TYPICAL APPLICATIONS 


Automatic Light Contro! Low Dropout Negative Supply 


100yF 


Vour= -12V 


LIMIT ais 
neesails 


L_} Your 


PACKAGE DESCRIPTIONS Dimensions in inches (millimeters) unless otherwise noted. 


H Package T Package K Package 
3-Lead T0-39 Metal Can 3-Lead TO-220 Plastic 2-Lead T0-3 Metal Can 


i 
0,170 -0.180 119,90— 19.69) 
(4318 =4.572) 
as Bao 2 9,060 —0.135 
(2.790-4.0.254) 4) _, 0.045 = 0.055 0.470-~ 0.350 {1.52 =3.43) 
mee Lee (8.13—8.89) 


0.147 0.181 aursat o.oo 
7 734 — 3.835) (6.3502. 0.508) 


0,420 - 0.480 


ana cy is la 
= 0,036 - 0.043 
| | | eee 


0.355 - 0.3; 
EEC 


1.020 + 0.015, aEY ¢ ee 
(25.9085-0-387) 0) 
1g 0.067~0,077| 
0.540-+.0.040 LT 01.70= 1.96) 
113.7162 .016) 0.219-0.220 ! 
BR-5.58 i 
0.152-0,161 
(3.06 —4.09) RTYP 
0.425 - 0.435, 
9,013 0.025 (Was to5y “t 
0.032 40.005 _.| 
ale Toate (0.530-0.635) 4+ 9.187 0.177 g ryp 
9.100: 0.010 0.090-0.125, (Ota) 
an Test) {2.286 3.175) 
(1.220) 
we vee 
(1257= 13.54) 
0.695 — 0.675 
16.64— 17.15)" ana 
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TECHNOLOGY 


FEATURES 


wm 8-Lead MiniDIP 

@ AQuA Supply Current 

mw {25mA Output Current 

m 2.5V Reference Voltage 

= Reference Output Sources 2mA and Sinks 2mA 
= Open Collector 

= Comparator Sinks 10mA 

® Logic Shutdown 

# 0.2V Dropout Voltage 

= Thermal Limiting 


APPLICATIONS 
m= Battery Systems 


= Battery Backup System at? t 


@ Portable Termin 
= Portable ner © 
= Memory Keep Alive 


on F 


ei of ib 
p p 9.5V reference wil! source or sink current. This allows 


111120 


Micropower Regulator with 
Comparator and Shutdown 


DESCRIPTION 


The LT1120 is a combination micropower positive regula- 
tor and free collector comparator on a single monolithic 
chip. With only 40,A supply current, the LT1120 can supply 
over 125mA of output current. Input voltage range is from 
4.5V to 36V and dropout voltage is 0.6V at 125mA. Dropout 
voltage decreases with lower load currents. Also included 
on the chip is a class B output 2.5V reference that can ei- 
ther source or sink current. A pin allows logic 


shutdown of the ate 
ye for system 
omparator can be 


The comp sed as a 
es Frequency compensa- 


0) toring. Fo 
td warn of | 

for amplifier applications can be 

adding external output capacitance. 


it to be used as a supply splitter or auxiliary output. 


he 


5V Regulator 


gy 0.001pF 1M 
12 


= SHUTDOWN = = = 


Dropout Voltage and Supply Current 


1.00 10 


DROPOUT VOLTAGE (V) 
° 
3 

(yw) INSHUND ATddNS 


0.01 0.1 
0.1 1 10 100 1000 
OUTPUT CURRENT (mA) 
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ABSOLUTE MAXIMUM RATINGS 


Input Voltage... ccc cccscecaeesesseseasarenears 36V Operating Temperature Range 

NPN Collector Voltage ...........cccccceseeeseu eens 36V TAI 20C esas ste tence a area Pheney oda wkO es 0°C to 100°C 
Output Short Circuit Duration............... indefinite Storage Temperature Range 

Power Dissipation...............s00e. internally Limited EUII206 os onSe ga Sian cedars ee ~ 65°C to 150°C 


PACKAGE/ORDER INFORMATION 


ORDER PART pete ORDER PART 
TOP VIEW NUMBER NUMBER 


recone] LT1120CJ8 L71120H 
sHUTOOWN LT11200N8 


J PACKAGE N PACKAGE 
8-LEAD CERAMIC MINIDIP — 8-LEAD PLASTIC MINIDIP 
H PACKAGE 
8-LEAD T0-5 METAL CAN 


ELECTRICAL CHARACTERISTICS 1, =25°c 


PARAMETER L CONDITIONS MIN TYP MAX | UNITS 
Reference 
Reference Voltage 4.5V<Vins36V 2.46 2.50 2.54 { V 
Line Regulation | 4.5V < Vin <36V L 0.01 0.015 I %IV 
Load Regulation | —2.0MA <Ipee <2MA, Viy = 12V | 0.3 0.6 | % 
Output Source Current Viy = 5V 2 | 4 mA 
Output Sink Current Vin = 5V | 2 4 | mA 
Temperature Stability ail [ 1 | % 
Regulator 7 
Supply Current Vin = 6V, lout $ 100uA ] 45 80 Ty yA 
Vin = 36V, Ioyy< 100 pA 75 100 A 
Vin = 12V, loyr = 125mA 11 20 mA 
Output Current (Vin - Vout) 2 1V, Vin=6V _| 125 | mA 
Load Regulation (Vin - Vout) 1V, Vin 2 6V 0.2 0.5 % 
Line Regulation 6V<Vin<36V 0.01 0.015 *N 
Dropout Voltage lout = 100pA 0,02 0.05 v 
loyr = 125mMA | [| 04 0.65 | Vv 
Feedback Sense Voltage Vin = 12V 2.44 25 2.56 Vv 
Shutdown Pin Voltage | Normal | 0.4 | v 
Vout s0.5V _| shutdown 22 [44 V 
Shutdown Pin Current Vin=1.4V 25 pA 
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ELECTRICAL CHARACTERISTICS 1,-25°c 


PARAMETER {___ CON DITIONS MIN ii TYP MAX UNITS 
Regulator 

Feedback Bias Current { nA 
Minimum Load Current Vyy = 36V | pA 
Short Circuit Current Viy = 36V mA 
Comparator 

Offset Voltage OV <Voys35V, Vin = 96V _| 3 7 al mV 
Bias Current \. OV < Voy s35V, Vin = 36V (Note 1) 15 40 nA 
Offset Current OV s Voy <35V, Vin = S6V 4 {_ 15 | nA 
Gain AVoyt = 20V, Ry = 20k _ 2000 10000 1 VN 
Common Mode Rejection OV <sVoys35V, Vin = S6V al 80 94 a {_ dB 
Power Supply Rejection _| 4.5V <V5<36V 1 80 96 L dB 
Output Sink Current Vin = 4.5V 10 18 _| mA 

i Ty —- 

Saturation Voltage lour= 1mA 0.4 0.6 V 
a — Range sie 0 , _| Vin-1 : 
lesponse Time KH 

4 
Leakage Current zig 2 mie pA 


ELECTRICAL CHARACTERISTICS 


PARAMETER CONDITIONS 
Reference 
Reference Voltage 4.5V <Viy s36V 
Line Regulation 4.5V <Viy s36V 
Load Regulation T<2.0mA<Iper <2mA, Vy = 12V 
Output Source Current Vin = 5V 
Output Sink Current | Vye5V 
Regulator 
Supply Current Vin =6V, lout 10024 
Vin = 36V, lout s 100pA 
Vin = 12V, lour= 125mA 
Output Current (Vin - Vour)21V, Vin26V 
Load Regulation (Vin—Vour)= 1V, Vin26V 
Line Regulation | 6V <Viy s36V 
Dropout Voltage lout = 100nA 
lout =125mA 
Feedback Sense Voltage | Vin = 12V 
Feedback Bias Current _| 
Minimum Load Current [_ Vin = 36V 
Short Circuit Current | Vin= 36V 
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ELECTRICAL CHARACTERISTICS 


PARAMETER [__ Conpitions MIN | ‘TYP MAX | __UNITS 
Comparator 

Offset Voltage 10 mV 
Bias Current Vin = 36V (Note 1) {4 ‘a 60 nA 
Gain AVout = 29V, Ry = 20k 1000 tL a VIV 
Output Sink Current Vin = 4.5V 10 mA 
rae Current 7 za 8 pA 


The @ denotes the specifications which apply over full operating tempera- 
ture range. 
Note 1: For 0V<Vcy<0.1V and Ty >85°C | bias max is 100nA. 


PIN FUNCTIONS 


Pin 1~Ground. 

Pin 2—Feedback. This is the feedback point of the reg- 
ulator. When operating, it is nominally at 2.5V. Optimum 
source resistance is 200k to 500k. The feedback pin should 
not be driven below ground or more positive than 5V. 

Pin 3—Shutdown. A logic 1 shuts off main regulator. Cau- 
tion: noise or leakage into the shutdown pin can affect 
output voltage. 

Pin 4—Regulator Output. Main output, requires 10uF out- 
put capacitor. Can be shorted to Vin or ground without 
damaging device. 


Pin 5—Input Supply. Bypass with 10uF cap. Must always 
be more positive than ground. 

Pin 6—Reference. 2.5V can source or sink current. May be 
shorted to ground or up to 5V. Voltages in excess of 5V 
can damage the device. 

Pin 7—Comparator Output. May be connected to any voit: 
age from ground to 36V more positive than ground (oper- 
ates above Vjy). Short circuit protected. 

Pin 8—Comparator Input. Inverting comparator input. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Regulator Load Regulation 


0.3 
PRE-LOAD = 100, 
iw Ty= —55°C 
0.2 tit | 
g min Te 
i Ty=25°C 
z 0.1 
r= 
=) 
rf 
e 0 
5 
S$ Ty= 125°C 
5-01 
2 il 
3 
-0.2 Ly 4 +--+, 
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0.4 1 10 400 1000 
OUTPUT CURRENT (mA) 
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1 
= AV out = 100mV 
Zz 44 
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iB 7 
a H. {itt 
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7 ae 
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Regulator Short Circuit Current 


350 
300 
10 = 
=z = 250 
a = 200 
ec Oo 
« E 
3 2 150 4 i ae 
5 2 y | 
iq (=) 
a = 100 |-—+ 7 
& 
50 -—1— current LIMIT TIED TO GROUND 
0 
0.1 1° 10 100 1000 ~50  -10 30 70 110 150 
REGULATOR OUTPUT CURRENT (mA) TEMPERATURE (°C 
Regulator Minimum Load Current Regulator Ripple Rejection 
400 70 
2 inoratooma | TTT 
= ouT= 100m 
3 _ 60 
= oO 
z 3 
=a z 56 LH 
s 2 lout = 10mA 
3 10 SB 50 | it 
| # 
= 4 45 TH rt 
= = Tura ima 
zs = 40 | Viy=10VDC 1 
= Vp-p 
35 KVour=5¥ tH 
Cour = 10pF 
1 30 
70 80 90 100 110 120 130 140 150 10 400 1k 40k 100k 
TEMPERATURE (°C) RIPPLE FREQUENCY (Hz) 
Supply Current at Dropout Reference Regulation 
10 — 
Ty=—55°C TO 125°C 
= 
— 
3 8 
- 1 2 
= 
Fe iw 
<= 
5 = 
S 3 
> > 
z o1 3 
2D = 
an w 
fr 
2 
0.01 a 
9 01 02 03 04 05 06 -15 -10 -05 O O08 140 15 
REGULATOR INPUT-OUTPUT DIFFERENTIAL (V) REFERENCE OUTPUT CURRENT (mA) 


7 © Ab iishy 


4-129 


LT1120 


TYPICAL PERFORMANCE CHARACTERISTICS 


Comparator input Bias Current 


Feedback Pin Current 


Regulator Thermal Regulation 


g 
| = 
4 
< 
3 
aw 
— ao 
z z 5 
4 Ee =] 
‘t 2 > 
a a a 
f = = -0.1 
& 3 5 
ra) 2 3 
a 
2 x 
: ent z 
3 a £ 
iS Ps eT = 80 
mn 2 
c 
J 
Lt 3 
0 S 
-1 -0.6 0.2 GND 0.2 0.6 1 0.41 100 1000 = 0 20 40 60 80 100 120 140 160 180 
COMMON-MODE VOLTAGE (V) pee OUTPUT CURRENT (mA) 3 TIME (ms) 
REFERRED TO PIN 9 (GND) 
171120 Tum-On Characteristic 


OUTPUT VOLTAGE (V) 


\NPUT VOLTAGE (V) 


APPLICATION HINTS 


The LT1120 is especially suited for micropower system ap- 
plications. For example, the comparator section of the 
LT1020 may be used as a battery checker to provide an in- 
dication of low battery. Another type of system applica- 
tion for the LT1120 would be to generate the equivalent of 
split supplies off of a single power input. The regulator 
section provides regulated output voltage and the refer- 
ence, which can both source and sink current is then an 
artificial system ground providing a split supply for the 
system. 


For many applications the comparator can be frequency 
compensated to operate as an amplifier. Compensation 
values for various gains are given in the datasheet. The 
comparator gain is purposely low to make it easier to fre- 
quency compensate as an amplifier. The NPN output is 
capable of sinking 10mA and can drive loads connected to 
voltages in excess of the positive power supply. This is 
useful for driving switches or linear regulators off of a 
higher input voltage. 
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APPLICATION HINTS 


Reference 


Internal to the LT1120 is a 2.5V trimmed class B output 
reference. The reference was designed to be able to 
source or sink current so it could be used in supply split- 
ting applications as well as a general purpose reference 
for external circuitry. The design of the reference allows it 
to source typically 4 or 5mA and sink 2mA. The available 
source and sink current decreases as temperature in- 
creases. It is sometimes desirable to decrease the AC out- 
put impedance by placing an output capacitor on them. 
The reference in the LT1020 becomes unstable with large 
capacitive loads placed directly on it. When using an out- 
put capacitor, about 200 should be used to isolate the 
capacitor from the reference pin. This 200 resistor can be 
placed directly in series with the capacitor or alternatively 
the reference line can have 200 placed in series with it and 
then a capacitor to ground. This is shown in Figure 1. 
Other than placing large capacitive loads on the 
reference, no other precautions are necessary and the 
reference is stable with nominal stray capacitances. 


Figure 1. Bypassing Reference 


Overload Protection 


The main regulator in the LT1120 is current limited at ap- 
proximately 250mA. The current timit is stable with both 
input voltage and temperature. 


Like most other IC regulators, a minimum load is required 
on the output of the LT1120 to maintain regulation. For 
most standard regulators this is normally specified at 
5mA. Of course, for a micropower regulator this would be 
a tremendously large current. The output current must be 
large enough to absorb all the feakage current of the pass 
transistor at the maximum operating temperature. It also 
affects the transient response; low output currents have 
long recovery times from load transients. At high operat- 
ing temperatures the minimum load current increases and 
having too low of a load current may cause the output 
to go unregulated. Devices are tested for minimum load 
current at high temperature. The output voltage setting re- 
sistors to the feedback terminal can usually be used to 
provide the minimum load current. 


Frequency Compensation 


The LT1120 is frequency compensated by a dominant pole 
on the output. An output capacitor of 10uF is usually large 
enough to provide good stability. Increasing the output 
capacitor above 10,F further improves stability. In order to 
ensure stability, a feedback capacitor is needed between 
the output pin and the feedback pin. This is because stray 
capacitance can form another pole with the large value of 
feedback resistors used with the LT1120. Also, a feedback 
capacitor minimizes noise pickup and improves ripple 
rejection. 


With the large dynamic operating range of the output cur- 
rent, 10000:1, frequency response changes widely. Low AC 
impedance capacitors are needed to insure stability. 
While solid tantalum are best, aluminum electrolytics can 
be used but larger capacitor values may be needed. 
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TYPICAL APPLICATIONS 


Regulator with Output Voltage Monitor 


LOGIC OUTPUT 


LOGIC OUTPUT GOES LOW WHEN 
Vour DROPS BY 100mV 


Compensating the Comparator as an Op Amp 1 Amp Low Dropout Regulator 


Vin 


MJE2955 


AT Av=100, 


SLEW RATE= +0.05V/ys 
—BV/ys 0.001 pF fi aes 
R2 Ri 
C1 
L *FOR CURRENT LIMIT 
= = = = = =1,5A 
AV RI C1 C2 R2 tMUST HAVE LOW 
1 330 (0.1pF 0.00 1F - ESR. SEVERAL 100yF 
10 1002 0.047pF - 100k CAPACITORS CAN BE 
100 10k = 0.002pF - 10k PARALLELED. 
5V Regulator Regulator with Improved Transient Response 
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TYPICAL APPLICATIONS 


Battery Backup Regulator 


Vout 
HY 5 MAIN 


INTERNAL PARASITIC 
DIODES OF LT1120 


Vin Vout 


5V 
OUTPUT 


LOGIC INPUT 


“TRANSISTOR USED BECAUSE OF LOW LEAKAGE CHARACTERISTICS. 
TO TURN OFF THE OUTPUT OF THE LT1120 
FORCE FB (PIN 2) >2.5V. 


Current Limited 1 Amp Regulator 


2.2k 0.50° 


*SETS CURRENT 
LIMIT BUT INCREASES 
DROPOUT VOLTAGE BY 
0.5V. 

tMUST HAVE LOW 
ESR. SEVERAL 100yF 
CAPACITORS CAN BE 
PARALLELED. 
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SCHEMATIC DIAGRAM 
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BLOCK DIAGRAM 


REFERENCE 


COMPARATOR 
OUT 


Vout 


FEEDBACK 
SHUTDOWN 


| 1} GROUND 


INV IN 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


J Package N Package 


9 i Raa 
8-Lead Ceramic MiniDIP 8-Lead Plastic MiniDIP 
0.005 
(0.127) 
MIN 
0.025 
(0.635) 
RAD TYP 
0.250 0.010 
0.220-0.310 {6.350 %0.254) 
(5.588— 7.674) 
0.200 -0.320, 
(7.37-8.13) 
0.430 + 0.005 
0.055 0.045 — 0.065 
(1.397) (2.820 = 8:128) (14d = 1.651) BRE SOT), 
MAX 9.020 
11.651) {0.508} 
p 5 MIN 
0.008 -0.018. 
0.008 -0.018 pennge 0.009 - 0.015 1.125 
(0.203 0.480} (0.209 0.381) ais 
MIN 
0.385 + 0.025, . 0.014-0.026 9.045 + 0.015 
(9.779 + 0.635) {0.360 —0,660) { 2 (1.143 & 0.381) 
MIN 0.100 + 0.010 0.018 + 0.003 
0,038 —0.068 0.10040.010 (2.540 = 0.254) (0.457 0.076) 
a 8 
(0.965—1.727) {2,540 0.254) nove 
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LT1120 
PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


H Package 
8-Lead TO-5 Metal Can 


0.335-0.370 
(S09 9.398) 
DIA 
0.305 - 0.335 ‘0.027 -0.045 
747 45° TYP << oe 
4 [@ . ah 0.027-0.034 AN (0,686 =1:143), 
(08s) [eT Y (0.686 — 0.884) i 10: a 
G270) 0.1650 185 7 3 0,200 0.230 
MAX (4.191 — 4.699) 0: © (5.080 — 5,842) 
Y ¥ REFERENCE 6 A SC 
SEATING eave A PLANE al? f 
PLANE PLANE 9.500—0.750 oD —— 
OnteOGe i 8 00 t fix70— 19105) 4 
r has ge 2 ey 
D213} pee | 0.016—0.021 
(0.406 ~0.533) 0.110-9.160 : 
1yP (2.794-4.064) aie 
INSULATING 
STANDOFF 


NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN 
THE REFERENCE PLANE AND SEATING PLANE. 
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LT117A/LT317A 
nt AR LM117/LM317 


TECHNOLOGY Positive Adjustable 
Regulator 
FEATURES DESCRIPTION 

= Guaranteed 1% Output Voltage Tolerance The LT117A Series are 3-terminal positive adjustable 
= Guaranteed max. 0.01%/V Line Regulation voltage regulators which offer improved performance 
a Guaranteed max. 0.3% Load Regulation over earlier devices. A major feature of the LT117A is 
= Min. 1.5A Output Current the output voltage tolerance is guaranteed at a maxi- 
= 100% Burn-in in Thermal Overload mum of + 1%, allowing an overall power supply toler- 
ance to be better than 3% using inexpensive 1% 
resistors. Line and load regulation performance has 
been improved as well. Additionally, the LT 117A refer- 
APPLICATIONS ence voltage is guaranteed not to exceed 2% when op- 
erating over the full load, line and power dissipation 
= Wide Range Power Supplies conditions. The LT117A adjustable regulators offer an 
= Constant Current Supplies improved solution for all positive voltage regulator re- 

= Voltage Programmable Supplies quirements with load currents up to 1.5 amps. 


Regulator with Reference Output Voltage Error 
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OUTPUT VOLTAGE ERROR (PERCENT) 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Power Dissipation ............. Internally Limited = ees 
Input to Output Voltage Differential .......... 40V os aD pny haat 
Operating Junction Temperature Range i Yi ; INPUT . 
LTI7A/LM117......... 0000, —55°C to 150°C LT117AK (3° LT117AH 
LTS17A/LM317......... 000000. 0°C to 125°C ae ee our LT317AH 
Storage Temperature Range erat LM117K ne LM117H 
UTTI17A/LM117.. 0 —65°C to 150°C “ee LM317K | rossnewrom LMS 17H 
LTS17A/LM317 ........ 4. —65°C to 150°C ORDER 
Lead Temperature (Soldering, 10 sec.)...... 300°C =" PART NO. 
-—— L317 AT 
PRECONDITIONING: 
na RoE LM317T 
100% THERMAL LIMIT BURN-IN oureur__ 


ELECTRICAL CHARACTERISTICS (See Note 1) LT117A/LM117 


LTI17A UM117 
SYMBOL CONDITIONS MIN TYP MAX i MIN TYP 
Veer Reference Voitage four = 10MA Ty = 25°C e 262 v 
3V < (Viy — Vout) < 40V 1.20 125 1.30 Vv 
10MA < loyt <Inax, P < Prax L 
Line Regulation 
0.01 0.02 L %/V 
0.02 0.05 %/V 
tT 
Load Regulation 10MA < loyr < Imax, (See Note 2) 
Alout Vour < 5V 5 5 5 a) mV 
Vout = 5V 0.1 03 a1 a3 %, 
Vout = 5V 20 50 mV 
Vour 2 5V | 0.3 1 % 
Therma) Regulation T, = 25°C, 20msec Pulse 0.03. 0.07 |  %/W 
Ripple Rejection Vour = 10V, f = 120HZ 
‘AD = 65 fe 65 dB 
Caps = 10uF 66 80 66 80 dB 
laps Adjust Pin Current 50 100 50 100 pA 
Alapy Adjust Pin Current Change 1OMA < lout = Imax 
2.5V < (Vin — Vout) < 40V 0.2 5 0.2 5 uA 
Minimum Load Current (Vin — Vour) = 40V 35 5 3.5 5 mA 
Current Limit (Vin — Vour) < 15V [ 
K Package 15 22 15 2.2 A 
H Package 0.5 0.8 0.5 0.8 A 
(Vin — Vour) = 40V, Tj = 25°C 
K Package 0.3 0.5 0.3 0.4 A 
H Package E F 0.15 0.2 A 
AVour Temperature Stability —55°C < T; < + 150°C ' 1 % 
ATemp 
AV, Long Term Stability Ty = 125°C 0.3 1 % 
Atime 
AMS Output Noise (% of Vour) Ta = 25°C, 10Hz < f < 10kHz 0.001 0.001 % 
Thermal Resistance H Package | | 15 12 5 °C/W 
Junction to Case K Package 3 2.3 3 °C/W 


LT117A/LT317A 
LM117/LM317 


ELECTRICAL CHARACTERISTICS (See Note 1) LT317A/LM317 


LT317A 
SYMBOL PARAMETER CONDITIONS Min =6OTYP) =o MAX UMITS 
Veer Reference Voltage lour = 10mA_ T, = 25°C 1288 1250 1262. Vv 
BV < (Vw — Vo) < 40V e| 1225 4250 1270 V 
10MA < lout <Imax, P< Pmax oo 
AVout Line Regulation 3V < (Vw — Vout) < 40V, (See : 7 
avin Note 2) 0.005 001 0.01 0.04 %/V 
e O01 002 | 0.02 0,07 %/V 
AVourt Load Regulation 10MA < lour < Imax, (See Note 2) 
Alout Vp < 5V 5 25 5 25 mv 
Vo = SV 0.1 0.5 0.1 0.5 % 
Vo < 5V e 20 50 20 70 mV 
Vo = 5V e 08.41) 03 15 % 
Thermal Regulation Ta = 25°C, 20msec Pulse e 0.002 002 . 0.04 =—0.07 %/W 
Ripple Rejection Vo = 10V,f = 120Hz 
Cany = 0 65 65 dB 
Cans = 10uF 66 80 66 80 dB 
laps Adjust Pin Current 50 100 50 100 uA 
Alans Adjust Pin Current Change 40MA =< lout = Imax 
2.5V < (Vw — Vour) = 40V uA 
Inin Minimum Load Current (Vin — Vout) = 40V le! mA 
Current Limit (Vin — Vout) < 15V 
K and T Package A 
H Package A 
(Vin — Vout) = 40V, T, = 25°C 
K and T Package 0.15 0.4 0.15 0.4 A 
H Package 0.075 0.2 : 0.075 0.2 A 
AVout Temperature Stability 0°C < T, < 125°C Ne % 
ATemp ee : 
AVout Long Term Stability Ta = 125°C % 
ATime 
Cn RMS Output Noise Ta = 25°C, 10Hz =< f < t0kHz 0.001 0.001 % 
(% of Vout) 
Oe Thermal Resistance H Package 12 15 12 15 °C/W 
Junction to Case K Package 23 3 2.3 3 °C/W 
T Package 4 5 4 °o/W 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Unless otherwise specified, these specifications apply for Vin 
— Vout = 5V; and four = 0.1A for the TO-39 and loyy = 0.5A for 
the TO-3 and TO-220 packages. Although power dissipation is 
internally limited, these specifications are applicable for power 
dissipations of 2W for the TO-39, and 20W for the TO-3 and TO-220. 
Imax is 1.5A for the TO-3 and TO-220 packages and 0.5A for the TO- 
39. 


Note 2: Regulation is measured at constant junction temperature, using 
pulse testing with a low duty cycle. Changes in output voltage due to 
heating effects are covered under the specification for thermal 
regulation. Load regulation is measured on the output pin at a point Ya" 
below the base of the K and H package and at the junction of the wide 
and narrow portion of the lead on the T package. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


VOLTAGE CHANGE (PERCENT) 


INPUT-OUTPUT DIFFERENTIAL (V) 


RIPPLE REJECTION (dB) 


Load Regulation 
01 ae 
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TEMPERATURE 
Dropout Voltage 
3.0 TE erl 
AVout = 100 mV 
25 
lout = 1.54 
lout - 1A 
ou OUT 
fouT = 500 mA 
1.5 
lout = 20 mA 
1.0 1 i: it 
—75-50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 
Ripple Rejection 
100 
Cady = 10 uF 
See ee eae Ema Rann GORE bee 
80 
Cap) = 0 
60 
40 
Vin — Vout = 5V 
lout = 500 mA 
20 f= 120Hz 
Tj = 25°C 
0 ! 


0 5 10 15 2 2 30 3 
OUTPUT VOLTAGE (V) 


REFERENCE VOLTAGE (V) 


Current Limit : 
(TO-3 and TO-220 Package) Adjustment Current 
3 ok hy as od 65 | i 
= 
= 3 
5? Pa 
E 
a 
: : 
E 1 
3 3 
2 
0 x sco Kame 8 
0 10 20 30 40 
INPUT-OUTPUT DIFFERENTIAL (V¥) TEMPERATURE (°C) 
Temperature Stability Minimum Operating Current 
1.270 1 
1.260 = 
= 
ra 
ea 
1.250 a 
s 
B 
2 
1.240 3 
1.230 
—§0-25 0 25 §0 75 100 125 150 0 5 10 168 20 2 30 35 40 
TEMPERATURE INPUT-OUTPUT DIFFERENTIAL (V) 
Ripple Rejection (dB) Ripple Rejection 
100 ———-—— 90 T TTT 
i ADJ = 10pF 
80 CaDd = 10uF 80 
3 iB nf = 70 } tH 
ae Caps = 0 é Gans = @ 
g ADJ = a 60 coon Ol DT 
# oc 
uy 40 wy 
& & 50 | 
c ec 
20 Vw = 15V 40 Vin = 15V 
Vout = 10V i Vout = 10V 
lout 7 8.58 avait } 
0 - 30 
10 100 1k 10k 100k 1M 0.01 0.1 1 10 
FREQUENCY (Hz) OUTPUT CURRENT (A) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Output Impedance 
10 1.5 


Line Transient Response 


Load Transient Response 


———t 
CL = 0, Caps = 0 


1 |_ Caps = 0 
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A Cap) = 10 uF 
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Vin = 18V. 
Vour = 10V 
PRELOAD = 100 mA 
—T = 25°C 


0.5 


OUTPUT IMPEDANCE (OHMS) 


Cout = 10 #F 
| | Vw = 15 gs | 
0.001 N= 1V = 
Your = 10V 29 05 
lout = 500 mA 52 
0.0001 : ; 3° 0 
1 100 tk = 10k 100k tM 


FREQUENCY (Hz) 


TIME (ys) 


TIME (nS) 
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APPLICATIONS INFORMATION 


General: The LT117A develops a 1.25V reference volt- 
age between the output and the adjustable terminal 
(see Figure 1). By placing a resistor, R1, between these 
two terminals, a constant current is caused to flow 
through R1 and down through R2 to set the overall 
output voltage. Normally this current is the specified 
minimum load current of 5mA or 10mA. 


fe 


Vout = VREF ( t+ Ry 


} + laps Re 


Figure 1 


Because lap is very small and constant when com- 
pared with the current through R1, it represents a 
small error and can usually be ignored. 


It is easily seen from the above equation, that even if 
the resistors were of exact value, the accuracy of the 
output is limited by the accuracy of Vper. Earlier ad- 
justable reguiators had a reference tolerance of + 4%. 
This tolerance is dangerously close to the + 5% sup- 
ply tolerance required in many logic and analog sys- 
tems. Further, many 1% resistors can drift 0.01%/°C 
adding another 1% to the output voltage tolerance. 


For example, using 2% resistors and + 4% toler- 
ance for Vper, calculations will show that the 
expected range of a 5V regulator design would be 
4.66V < Voyr < 5.36V or approximately + 7%. If the 
same example were used for a 15V regulator, the ex- 
pected tolerance would be + 8%. With these results 
most applications require some method of trimming, 
usually a trim pot. This solution is both expensive and 
not conducive to volume production. 


One of the enhancements of Linear Technology’s ad- 
justable regulators over existing devices is tightened 
initial tolerance. This allows relatively inexpensive 1% 
or 2% film resistors to be used for R1 and R2 while set- 
ting output voltage within an acceptable tolerance 
range. 


With a guaranteed 1% reference, a 5V power supply 
design, using +2% resistors, would have a worst 
case manufacturing tolerance of + 4%. If 1% resistors 
were used, the tolerance would drop to + 2.5%. A plot 
of the worst case output voltage tolerance as a func- 
tion of resistor tolerance is shown on the front page. 


Vagus, 
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For convenience, a table of standard 1% resistor val- 
ues is shown below. 
Table of %% and 1% Standard Resistance Values 


1 
1. 
1 
1 
1 
1 
1 
1. 
1. 
1. 
1. 
1. 
1, 
1 


wwwhrryryuunnnosooeo 
SSSNRVsassIQass 


a 
pb 
woo 


Standard Resistance Values are obtained from the Decade Table 
by multiplying by multiples of 10. As an example, 1.21 can repre- 
sent 1.210, 12.10, 1210, 1.21Kq etc. 


Bypass Capacitors: Input bypassing using a 1uF tanta- 
lum or 25zF electrolytic is recommended when the in- 
put filter capacitors are more than 5 inches from the 
device. Improved ripple rejection (80 dB) can be ac- 
complished by adding a 10uF capacitor from the ad- 
just pin to ground. Increasing the size of the capacitor 
to 20,F will help ripple rejection at low output voltage 
since the reactance of this capacitor should be small 
compared to the voltage setting resistor, R2. For im- 
proved AC transient response and to prevent the pos- 
sibility of oscillation due to unknown reactive load, a 
1pF capacitor is also recommended at the output. Be- 
cause of their low impedance at high frequencies, the 
best type of capacitor to use is solid tantalum. 


Protection Diodes: The LT117A/317A do not require a 
protection diode from the adjustment terminal to the 
output (see Figure 2). Improved internal circuitry 


Figure 2 


eliminates the need for this diode when the adjustment 
pin is bypassed with a capacitor to improve ripple 
rejection. 


If a very large output capacitor is used, such as a 
100uF shown in Figure 2, the regulator could be dam- 
aged or destroyed if the input is accidentally shorted 
to ground or crowbarred. This is due to the output ca- 
pacitor discharging into the output terminal of the reg- 
ulator. To prevent damage a diode D1 is recommended 
to safely discharge the capacitor. 


Load Regulation: Because the LT117A is a three-termi- 
nal device, it is not possible to provide true remote 
load sensing. Load regulation will be limited by the re- 
sistance of the wire connecting the regulator to the 
load. For the data sheet specification, regulation is 
measured at the bottom of the package. Negative side 
sensing is a true Kelvin connection, with the bottom of 
the output divider returned to the negative side of the 
load. Although it may not be immediately obvious, best 
load regulation is obtained when the top of the divider 
is connected directly to the case not to the load. This 
is illustrated in Figure 3. If R1 were connected to the 
load, the effective resistance between the regulator 
and the load would be 


R2+R1 
Rp ( Ri 


Connected as shown, R, is not multiplied by the divid- 
er ratio. Rp is about 0.0040 per foot using 16 guage 
wire. This translates to 4mV/ft at 1A load current, so it 
important to keep the positive lead between regulator 
and load as short as possible. 

Rp 


PARASITIC 
LINE RESISTANCE 


) , Rp = Parasitic Line Resistance. 


VIN 


CONNECT 
R1 TO CASE 
Ri 


R2 


CONNECT R2 


tae TO LOAD 
Connections for Best Load Regulation 
Figure 3 
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TYPICAL APPLICATIONS 


1.2V-25V Adjustable Regulator 


Improving Ripple Rejection 


“C1 IMPROVES RIPPLE REJECTION 


i Re X¢ SHOULD BE SMALL 
+ Optional — improves transient Vout = 1.26V ( 1+ a) COMPARED TO R2 
response RI 
* Needed if device is far from 
filter capactiors 


5V Regulator with Shut Down 


Remote Sensing 


Rp (MAX DROP 300mv) 


3832 


21V Programming Supply for UV PROM/EEROM 


2v 
+24V 
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SCHEMATIC DIAGRAM LT117A/LT317A 


PACKAGE DESCRIPTION 


K Package TO-3 STEEL Metal Can T Package T0-220 Plastic H Package 3-Lead Metal Can 


0,180 + 0.005 ee 
9.7505 0.275 0.151 2.0.02 (4.572£0,127) A 
0.325 0.350 (19.308— 19.085) (3.835 £0,051) 0,050 0.002 dae chas 
6266 8.090) 0.516 eas (1.27 0.051) 0.165 = 0.195 Wrar 2.500) 
(2,946) 0.1104 0.010 (4.191 4.953) DA 
ira MAX (2.79420.254) 0.250 +.0.010 
a 
a SEA 6.350.254) 
0.420~0.490 | Fags NL 1 
(12.168 = 12.192) 0.038--0.043 
a i586 1.082) TAPERED 1°, 2 SIDES 0 0.08 
20300 200105 T1270) (0.889) 

177 1.197 wee 20e58) Mi MAK {| a016~0.010 4 
me fet SEATING PLANE (0-406— 0.483) 
ree ae 0.660-0.670 £.0200.018 | i ef 

.210- 0.220 (16.764 ~ 17.018) 125.97 =0.381) ° 
S334— 5.589) t 0.150. ay Xa | 0.200 
0.168-0.178 5 sp 81) BRO) 
(4.267 — 4.521) - 
( - @y- 540 0.015 : 
al 2 113,7220.381) 
0.425 - 0.435 0.181-0.161 0.410 
(10.785 -~ 11.049) (3.835 - 4,029) (10.41) 
OA 
0400-0510 9 | i 0.026 -0,045 
{12.446 ~ 12.954) + 0.010 ),660— 1.1 
0.050 0.108 9.018 ® se 
an 0.082:0.005 Tay ose 0.028 0.094 
6.100+0.010 (0.813 + 0.127) mw 0.381 
“6A D Daa) +0.010 
motte £08 “oe, 
0.200 0.010 0258 
(5.08 0.254) 0.981 _ 9.051 
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FEATURES 


60V Operation 

Guaranteed 1% Output Voltage Tolerance 
Guaranteed max. 0.01%/V Line Regulation 
Guaranteed max. 0.3% Load Regulation 
Min. 1.5A Output Current 

100% Burn-in in Thermal Overload 


APPLICATIONS 


= Wide Range Power Supplies 
= Constant Current Supplies 
= Voltage Programmable Supplies 


Regulator with Reference 


Vin 5V 
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LT11 7AHV/LT31 7AHV 
LM117HV/LM317HV 


High Voltage Positive 
Adjustable Regulators 


DESCRIPTION 


The LT117AHV Series are 3-terminal positive adjustable 
voltage regulators which offer improved performance 
over earlier devices. A major feature of the LT117AHV is 
the output voltage tolerance is guaranteed at a maximum 
of +1%, allowing an overall power supply tolerance to be 
better than 3% using inexpensive 1% resistors. Line and 
load regulation performance has been improved as well. 
Additionally, the LT117AHV reference voltage is guaran- 
teed not to exceed 2% when operating over the full load, 
line and power dissipation conditions. The LT117AHV 
adjustable regulators offer an improved solution for all 
positive voltage regulator requirements with load cur- 
rents up to 1.5 amps. For performance curves and ap- 
plications circuits see the LT117A series data sheet. 


Output Voltage Error 


OUTPUT VOLTAGE ERROR (PERCENT) 


l aaiill 1% RESISTORS 


TT 2% RESISTORS 


| 1% RESISTORS 
fl Bann 


LM317HV 
i LT317AHV 


LT317AHV 


2 4 6810 2 
QUTPUT VOLTAGE 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Power Dissipation ............... Internally Limited 


Input to Output Voltage Differential............. 60V wees Beit: gree as 

Operating Junction Temperature Range “ : NPUT . 
LT117AHV/LM117HV........... —55°C to 150°C LT sate Gs LT117AHVH 
LT317AHV/LM317HV...........-- 0°C to 125°C a ere er ne Hal 

Storage Temperature Range hee Ey LM317HVK. | wexccac LM317HVH 
LT117AHV/LM117HV........... —65°C to 150°C EL) TO-39 METAL CAN 
LT317AHV/LM317HV........... —65°C to 150°C 

Lead Temperature (Soldering, 10sec.)........ 300°C 

PRECONDITIONING: 


100% THERMAL LIMIT BURN-IN 
ELECTRICAL CHARACTERISTICS (see Note 1) L1117AHV/LM117HV 


LT117AHV LM117HV 
SYMBOL PARAMETER CONDITIONS MIN =6TYP) = MAX MIN =6TYP) MAX | UNITS 
= = ° ; 
Vrer Reference Voltage lout = 10MA Ty = 25°C V 
3V < (Viv — Vout) < 60V 120 125 130 Vv 
TOMA < Nour < Imax. P< Prax 
AV, Line Regulation 3V < (Vin ~ Vout) < 60V (See 
AV Note 2) 0.01 0.02 %IV 
0.02 0.05 %/V 
AVoyy Load Regulation 4OMA < loys < Imax, (See Note 2) 
Alour Vor <5V 5 5 5 15 mV 
Vout = 5V 0.1 0.3 0.1 0.3 % 
Vour < 5V 20 50 mV 
Vout = 5V 03. 1 % 
[Thermal Regulation Ty = 25°C, 20msec Pulse 0.03 0.07 %/W 
Ripple Rejection Vour = 10V, f = 120Hz 
Caps = 65 dB 
_t 
Capy = 10 uF 66 80 in dB 
lang Adjust Pin Current 100 50 100 uA 
Alans = Adjust Pin Current Change 10MA € lout < Imax | 
2.5 < (Vin — Vout) < 60V f 02. 5 BA 
Imin Minimum Load Current (Vin — Vout) = 60V 3.5 3.5 7 mA 
Current Limit (Vin — Vout) < 15V = 
ackage 15 2.2 15 22 A 
H Package 0.5 0.8 0.5 0.8 a A 
(Vw — Vout) = 60V, Tj = 25°C alr 
K Package 0.1 A 
H Package 0.03 A 
AVour Temperature Stability —§5°C < T) < + 150°C ae % 
ATemp 
AVoyrt Long Term Stability Ta = 125°C 0.3 1 2 % 
ATime 1 
en RMS Output Noise (% of Vout) Ta = 25°C, 10Hz < f < 10kHz 0.001 % 
4 ea ° 
Oe Thermal Resistance H Package 12 ay 12 5 TT Ciw 
_[ Junction to Case K Package 23 3 23. 3 °C/W 
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ELECTRICAL CHARACTERISTICS (see Note 1) LT317AHV/LM317HV 


L131 7AHV LM317HV 
SYMBOL PARAMETER CONDITIONS MIN TYP MIN TYP MAX UNITS 
Veer Reference Voltage lour = 10mA_ Tj = 25°C Vv 
3V < (Vin — Vo) < 60V 1.20 1.25 1.30 V 
10MA € lout < Imax, P< Prax 
AVour Line Regulation 3V < (Vin — Vour) < 60V (See 
AVIN Note 2) 
Load Regulation 40MA < lout < Imax, (See Note 2) 
Alout Vo = 5V 
Vo = 5V 0.1 0.5 % 
Vo < SV 20 70 zi mV 
L Vo = SV 0.3 15 % 
Thermal Regulation [Ta = 25°C, 20msec Pulse 0.04 (0.07 = %/W 
Ripple Rejection Vo = 10V, f = 120Hz 
Caps = 0 65 dB 
Cans = 10uF 66 80 dB 
lapu Adjust Pin Current 50 100 _ pA 
Alapa Adjust Pin Current Change 10MA € lout < lmax 
2.5V < (Vin — Vour) < 60V 0.2 BA 
lenin Minimum Load Current (Vin — Vout) = 60V 35 2 mA 
Current Limit ~ Tin — Vour) < 15V 
K Package 15 2.2 A 
H Package 0.5 0.8 A 
4 
(Vin — Vout) = 60V, Tj = 25°C 
K Package 0.1 A 
H Package 0.03 A 
r Fe 
AVout Temperature Stability 0°c < Tj < 125°C 1 % 
ATemp 
AVour ieng Term Stability | Ta = 125°C 03 1 % 
ATime 
ey VANS Output Noise Th = 25°C, 10Hz < f < 10kHZ 0.001 % 
{(%e of Vout) -+ 
ic Thermal Resistance H Package 12 15 ‘i °C/W 
Junction to Case | K Package 2.3 3 °C/W 
The @ denotes the specifications which apply over the full operating Note 2: Regulation is measured at constant junction temperature, using 
temperature range. pulse testing with a low duty cycle. Changes in output voltage due to 
The shaded electrical specifications indicate those parameters which heating effects are covered under the specification for thermal regulation. 


have been improved or guaranteed test limits provided for the first time. 
Note 1: Unless otherwise specified, these specifications apply for 

(Vi — Vout) = 5V: and loyr=0. 1A for the TO-39 and loyr= 0.5A for the 
TO-3 package. Although power dissipation is internally limited, these 
specifications are applicable tor power dissipations of 2W for the T0-39, 
and 20W for the TO-3. Imax is 1.5A for the TO-3 package and 0.5A for 
the TO-39. 
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LT117AHV/LT317AHV 
LM117HV/LM317HV 


SCHEMATIC DIAGRAM 
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PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


K Package TO-3 STEEL Metal Can 


0.760- 0.775. 
19,30 ~ 19:69) 


H Package 3-Lead Metal Can 


0.360--0.370 
si 
a - (e600 8.09) 
0.320 ~ 0.350 Max dane - aie | 
(8.13— 8.88) t 0.165 - 0.195 7 ae 8 508) 0.050 
3 (4.191 ~ 4.953) inz70) 1270) 
0.420- 0.480 i 
T1067 = 12 19) 
0,300 
= B70 
9.098 0.043 (12.70) 0.016 0.019 
(0.965 — 1.09) my (0406-0 .483) 
DIA 3 LEADS 
0.200 
771.97 (5.080) >| 
“~ ~729.90730.40) 0.100 
0.967 - 0.077 (2.540) 
(1.70— 1,96) 


0.210-0.220 


=: 


(5.33~5.39) 0.029 ~0.040 N\ 
ia 0.152—0,162 (0.737 — 1.016) 
rn T3864 11) 8 VP 0.100 
0.405 0,695 pina. _ 
110.80— 1905) Y" ori as ee) 
0.167 -0,177 
° 
(a24~ 4.agy 


0.490 — 0.510 


Se | 


{92.45 12.95) 
Tmax, | Oa Oc Tmax. [fia | ie | 
117AHV 1I7AHV 
150°C | 35°C } 3° 150°C | 150°CWW ) 15°C/ 
117HV eu pee 17HV : uy 
SAW) asec | a5ecw | 3°crw STW} ya5ec | ts0°cw | 15°C/W 
317HV 317HV 
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LT123A/11323A 
y | IN } \D LM123/LM323 


TECHNOLOGY 5 Volt, 3 Amp 
Voltage Regulator 
FEATURES DESCRIPTION 
= Guaranteed 1% Initial Tolerance of Output Voltage © The LT123A/LT323A is an improved version of the 
= 3 Amp Output Current popular LM123/LM323 5 Volt, 3 Amp Regulator. 
= 30 Watt These new devices offer maximum initial output volt- 
= Full Internal Overload Protection age tolerance of 1% and maintain a maximum toler- 
= 100% Burn-in in Thermal Limit ance of 3% over worst case operating conditions. Line 
and load regulation are also improved by a factor of 2. 
These tightened specifications ease design and appli- 
cation problems since safety margins are improved. 
APPLICATIONS Also, error budgets in other parts of the system can be 
expanded, and output voltages at the end of long sup- 
s Local 5V Regulators ply runs can be more accurately maintained. 
# On Card Regulation 
= Lab Supplies The LT123A/LT323A incorporates Linear Technol- 
= Instrumentation Supplies ogy’s advanced design, process and test techniques 


for improved quality and reliability over similar device 
types. Specifically, all devices are burned in by short- 
ing the output, thereby forcing the regulator into its 
current limit and eventually, thermal limit. This en- 
sures that all device protection features are function- 
al. A graph of the worst case output voltage, taking 
into account temperature, load and line variations, 
and power dissipation is shown below. For higher out- 
put current requirements, see the LT 1003, SV, SA reg- 
ulator data sheet. 


Precision 5 Volt Regulator Worst Case Output Voltage 


ee 
UUULILIL VLA, 
MMMM YS 


OUTPUT VOLTAGE (V) 
a 
Oo 


Sob = Sol VAM LL) 
TANTALUM L ile TANTALUM re 40404 
= = = ELELELLL / 


4 


—50-25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 
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LT123A/LT323A 
LM123/LM323 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Input Voltage ...............0ccce ease 20 Volts 
Power Dissipation ............. Internally Limited 
Operating Junction Temperature Range 
LT123A/LM123............. —§5°C to 150°C 
LT323A/LM323............0005 0°C to 125°C 
Storage Temperature Range 
LT123A/LM123............. —65°C to 150°C 
LT323A/LM323............. —65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)...... 300°C 
PRECONDITIONING: 


Thermal limit burn-in for all devices. 


BOTTOM VIEW 


K PACKAGE 
10-3 METAL CAN 
(STEEL) 


10-220 PLASTIC 


CASE 
is 
GROUND 


ORDER PART NO. 


LT123AK 
LT323AK 
LM123K 
LM323K 


LT323AT 
LM323T 


ELECTRICAL CHARACTERISTICS (See Note 1) 


sro. _|mmern enim . 
Vout Output Voltage T, = 25°C, Vin = 7.5V, lout = 0 | | : 
75V < Vin < 1V, Twin 9 an <= 
Twax 
+ 0 < loys < 3A, P < 30W 
AVourt Line Regulation T, = 25°C, 7.5V < Vy <= 15V 
AVin (dee Note 1) 
AVour Load Regulation Ty = 25°C, Vin = 7.5V 
Alout 0 < lour < 3A (See Note 1) 8. 8. 
lg Quiescent Current 7.5V < Vu < 15V,0 <I < 9A [@| ss 1220 
en Output Noise Voltage Ty = 25°C, 10Hz <f < 100kHz | | 40 
Igc Short Circuit T) = 28°C, 
Current Limit Vin = 15V 
{ Vin = 7.5V 
Long Term Stability of Output 
Voltage 
8c Thermal Resistance Junction to _| (See Note 3) 


| Case 


K Package 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Load and line regulation are tested with pulsed low duty 
cycle techniques where pulse width < 1msec and duty cycle < 5%. 
Note 2: Tin = —55°C for the LT123A/LM123 and 0°C for LT323A/ 
LM323. Tmax = 150°C for LT123A/LM123 and 125°C for LT323A/ 
LM323. 

Note 3: Guaranteed, but not tested. 


12 20 
40 


3 45 
4 6 


LM123 
TYP 


25 


3 45 
4 5 
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LT123A/LT323A 
LM123/LM323 


ELECTRICAL CHARACTERISTICS (See Note 1) 


SYMBOL PARAMETER CONDITIONS 
Vout Output Voltage zl 
7.5V < Vn < 15V, Tun < af <= 
Tmax 
ale is < lout < 3A, P_< 30W (Note 2) 5.0 5.25 v 
AVourt Line Regulation T, = 25°C, 7.5V < Vw < 15V 25 mV 
AViN (See Note 1) 2 
AVoyr_ _| Load Regulation T, = 25°C, Vw = 7.5V 
lout a 0 < Ipyr < 3A (See Note 1) 25 100 | mV 
lo Quiescent Current 7.5V < Vin < 15V,0 < Iour < 3A 12 20 mA 
= t— 
en Output Noise Voltage T, = 25°C, 10Hz < f < 100kHz 40 uVims 
Isc Short Circuit T; = 25°C, | 
Current Limit Vin = 15V 3 45 A 
|__Viy = 7.5V (See Note 4) 4 5 | A 
Long Term Stability of Output (See Note 3) 
Voltage 35 mV 
846 Thermal Resistance Junction to | (See Note 3) it 
Case K Package 1.8 °C/W 
Poe, T Package 3.0 “de °C/W 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Load and line regulation are tested with pulsed low duty 
cycle techniques where pulse width < 1msec and duty cycle < 5%. 
Note 2: Trin = —55°C for the LT123A/LM123 and 0°C for LT323A/ 
LM323. Tmax = + 150°C for LT123A/LM123 and + 125°C for 
LT323A/LM323. 

Note 3: Guaranteed, but not tested. 

Wote 4: Isc at Viy = 7.5V is 6A max for LM323T. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Dropout Voltage Output Voltage Temperature Drift 
25 T 
2: 5.15 -}—t = | 
= 20 b 
Z 5.10 
z = 
feat uy 5.05 
= s 5.00 
= 10 = 495 - = 4 
9 3 
5 4.90 ~ 
S05 
4.85 | 
0 AL 
—75—50—25 0 25 50 75 100 125 150 —50-25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) TEMPERATURE (°C) 
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LT123A/LT323A 
LM123/LM323 


TYPICAL PERFORMANCE CHARACTERISTICS 


Peak Available Quiput Current 


OUTPUT CURRENT (A) 
o 


5 10 15 20 
INPUT VOLTAGE (V) 


Output Impedance 


10° = z 
E-lout = 1A 


ES = 25°C = 1a 


10-1 


Vin = 15¥ 
(THERMAL EFFECT) ——- 


OL = 10 uF 
SOLID 
TANTALUM 3 


10-2 = 


OUTPUT IMPEDANCE (92) 


1 10 100k 10k 
FREQUENCY (Hz) 


100k 1M 


Line Transient Response 
7.5 T T 
kL = 150 mA 
Cy = 0.1 uF 
Tj = 26°C 4 


i 


° 


INPUT VOLTAGE CHANGE (V) 
OUTPUT VOLTAGE DEVIATION (1 
% 
oa 


S 
a 
—- 


° 


ie) 1 2 3 4 5 
TIME (us) 


OUTPUT LOAD (A) 


n 


Suggested Heat 
Sink Thermal Resistance 
100 F r 
: 50 (1323A/LM323 4~-———-—-} 
= 
e 
g + 
2 10 
# |x 
Z 5 Th = 25°C 
& Ta = 50°C 
a Ta = 76°C 
peat 
1 —s 
0 5 10 15 20 25 30 35 
POWER DISSIPATION (WATTS) 
Output Noise Voltage 
100 ot i <r T 
[Vin 10V 
g lout = 0.5A 
= 
oe 
= Flow = 1H 
8 10 
5 
g 
8 
S$ 
=z 
1 Lt Lt 
100 1k 10k 100k 
BANDWIDTH (Hz) 1 POLE ROLLOFF 
Load Transient Response 
er T ] T 
6s | Vin = 10V | 
B | T= 25°c 
ze 
SE 4 
FA C. = 10 pF 
‘oe SOLID TANTALUM 
—0.2 ——}—_ 
CL = 0.1 uF —_ 


THERMAL RESISTANCE (°C/W) 


Suggested Heat 
Sink Thermal Resistance 
100 + 


ATI23A/LM123 


50 


POWER DISSIPATION (WATTS) 


Ripple Rejection 


80 — T am | 
Vin = 10V CL = 10 pF 
t= 

ao 
= 60 
2 
5 
ws 
w 
wa 
z 40 
ec 
20 —L 
1 10 100 1k Wk «100k =o 1M 
FREQUENCY (Hz) 
Quiescent Current 
= 
cs 
: 
& 
a] 
ie 
3 


0 4 8 12 16 20 
INPUT VOLTAGE (¥) 
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LT123A/LT323A 
LM123/LM323 


APPLICATIONS INFORMATION 


Bypass Capacitors: The LT123A does not require an 
output capacitor for resistive loads. For almost all ap- 
plications, however, a 1uF or larger solid tantalum ca- 
pacitor should be used at the output within 2” of the 
regulator to improve the output impedance at high fre- 
quencies. For applications where very low high fre- 
quency impedance is required, a 10uF solid tantalum 
output capacitor is recommended. Total output ca- 
pacitance either local or distributed may be increased 
without limit. 


A 2uF or larger solid tantalum capacitor or a 25yF alu- 
minum capacitor, must be used at the input if the regu- 
lator is more than 4” away from the large rectifier 
capacitor. 


Avoiding Ground Loops: For best regulation, the ground 
pin of the LT123A should be tied directly to the load 
point as shown. This prevents excess drop in load 
voltage caused by load current flowing through the 
ground return lead. This is essentially a Kelvin con- 
nection for the low side of the regulator. A Kelvin con- 
nection cannot be made for the high output of 
regulator because only three pins are available on the 
package. Therefore, every attempt should be made to 
minimize the resistance between the output pin of the 
regulator and the load. #18 gauge hookup wire has a 
resistance of 0.006 ohms per foot. This translates to 
0.36% change in load voltage at full load current. The 
LT123A is specified at 1% maximum load regulation, 
so one foot of wire represents a significant loss of reg- 
ulation. If connectors are used, careful consideration 
must be given to contact resistance, especially if the 
connector is subjected to nasty ambients, vibration, or 
multiple insertions. 


LT Wie 


KEEP THIS RESISTANCE LOW 


(<0, 


THIS RESISTANCE DOES NOT 
CONTRIBUTE TO LOAD REGULATION 


HI CURRENT PATH 


Raw Supply: Transformer, diode, and capacitor selec- 
tion for the raw supply to the LT 123A is very important 
because of the conflicting requirements for reliability, 
efficiency, and resistance to “‘brown-out” conditions. 
High secondary voltage on the transformer will cause 
unnecessarily high power dissipation in the regulator. 
Too low a secondary voltage will cause the regulator 
output to drop out of regulation with only a small re- 
duction in AC mains voltage. The following formula 
gives a good starting point for transformer selection. 
This formula assumes a center tapped transformer, 
using two rectifier diodes. 


where: 

Vout aa 5V 

Voo = Minimum input-output differential of the 
regulator 

VrecT = Rectifier forward drop at Slour 

Vaip = %p-p capacitor ripple voltage 
~ (5.3 X 1079) (lour) 


2c 
Vyom = Rated fine voltage for the transformer 
(RM 


Viow = Lowest expected line voltage (RMS) 
lour = OC output current 


*4.1 is a nominal load regulation factor for the 
transformer 


LT123A/LT323A 


LM123/LM323 
APPLICATIONS INFORMATION 
Example: dour = 2.5A, Vout = 5V The filter capacitor should be at /east2000uF per amp 
baer ila a a of load current to minimize capacitor heating and rip- 
(5.3 x 10-4) (25) ple voltage. The diodes should be rated at 5-6 amps 
Veup = 2x0) 0.83V even though their average current is only 1.5A at full 
sre aN eee Vf 448 rated load current. The reason for this is that although 
Vans = (Steet ass) (2) (1.1) the average current is 1.54, the RMS current is typi- 
= 8.03 Vans é Cally twice this value. In addition, the diode must with- 
Stand very high surge currents during power turn-on. 
v Voo + V; v V 
Vas = ( Moor oe vas Yeo) (ye) (1.1*) This surge can be 10-20 times the DC rating of the 
laws = (lout) (1.2) supply, depending on capacitor size and wiring resis- 
tance and inductance. 
TYPICAL APPLICATIONS 


INPUT CROWBAR OUTPUT CROWBAR 
+ Q2 AND D1 MUST WITHSTAND LARGE SURGE CURRENTS * THE 6.4V ZENER IS INTERNAL TO THE LT123A, 
UNTIL THE 5A FUSE BLOWS. PEAK SURGE CURRENT IS ** 1 MUST BE ABLE TO WITHSTAND CONTINUOUS CURRENTS 
EO ee Eee ene OF 5A IF ADDITIONAL SYSTEM SHUTDOWN IS NOT USED. 


RESISTANCE. 
tt TRIP POINT IS APPROXIMATELY 7.3V. 
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LM123/LM323 


PACKAGE DESCRIPTION 
T Package TO-220 


K Package STEEL METAL CAN 


0.760-0.775 
(19.30 — 19.69) 
0,060 —0.135 
=3.ag =) 
eats osioso.00 f+ oat =242, (eats 
(2.70420.254) 10.814, 0.045 - 0.055 
(1.143 — 1.397) 
0.250 + 0.020. 


0,320 — 0.350 
(8.13 —B.89) t 
0.147 -0.151 
0.420- 
Tor) (374-3 835) (6390 20-508) 
OA t 
} 7 0.570 0.610 
{14.478 = 15.494) 
—— | | 2.098 =0.08 0.386 - 0.370 
A eet (9.017 -9.398) 
4177 = 1.197 
(29.90 = 30,40) 
0.067 0.077 4.020 + 0,015 Ot! 
(1.70136) 25.9082 0.381) 0} 
0.210-0.220 0.54040.040 
(13.716 1.016) 


0,152 -0.161 


633-558) 
(3.86— 4.09) 


0.425 - 0.435 


0.013 - 0.025. 
0.032 + 0.005 
= @ai320.127) (0.330 - 0.635) 
0.090 ~ 0.125 
(2.286 —3.175) 


10. 60=11.05) > 
0,167- 0.177 
tazanaagy FP 
0.10020.010 
0.495 —0.525 2540 20.258) 
(1.270) 
WP 


(257-1334) 


0,655 0.675 _| 
(16.64 — 17.15) 


SO°CW | 2.5°C/W 
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LT137A/LM137 
a LT337A/LM337 


TECHNOLOGY Negative Adjustable 
Regulator 

FEATURES DESCRIPTION 
= Guaranteed 1% Initial Voltage Tolerance The LT137A/LT337A negative adjustable regulators 
= Guaranteed 0.01%/V Line Regulation will deliver up to 1.5Amps output current over an out- 
= Guaranteed 0.5% Load Regulation put voltage range of — 1.2V to —37V. Linear Technol- 
= Guaranteed 0.02%/W Thermal Regulation ogy has made significant improvements in these 
= 100% Burn-in in Thermal Limit regulators compared to previous devices, such as bet- 


ter line and load regulation, and a maximum output 
voltage error of 1%. 


Every effort has been made to make these devices 


APPLICATIONS easy to use and difficult to damage. Internal current 
and power limiting coupled with true thermal limiting 

= Adjustable Power Supplies prevents device damage due to overloads or shorts, 

= System Power Supplies even if the regulator is not fastened to a heat sink. 

« Precision Voltage/Current Regulators 

= On-Card Regulators Maximum reliability is attained with Linear Technol- 


ogy’s advanced processing techniques combined with 
a 100% burn-in in the thermal limit mode. This as- 
sures that all device protection circuits are working 
and eliminates field failures experienced with other 
regulators that receive only standard electrical 


testing. 
Negative Regulator ? Output Voltage Error 
af] 
E 10 
R2* — ® 9 
+ B 
Ce Ca = 8 
SuF 1aF 
SOLID a1 | SOLID TANTALUM 7 
TANTALUM 1212 u «6 
8 
= 5 
R2 3 4 
—VN —Vour = 128V ( 1+47-) 5 4 
= 
ZB 2 
lVour| 
*7 = Ri (a - ) 0 
1.25V 2 4 6810 20 40 100 


QUTPUT VOLTAGE 


a 
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LT137A/LM137 
LT337A/LM337 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Power Dissipation ........... .. Internally Limited 

Input to Output Voltage Differential .......... OVE 7) PRE OE ee ae 

Operating Junction Temperature Range ADJ Vout j NO. 
LT137A/LM137............. ~55°C to 150°C LT137AK Oy=vour LTIS7AH 
LT337A/LM337 ............0.0. 0°C to 125°C i | Noose ae 

Storage Temperature Range CASEISYN MS37K | ASSET (N37 
LT137A/LM137............. —65°C to 150°C K PACKAGE H PACKAGE 
LT337A/LM337..... be eeneee —65°C to 150°C = Tare 

Lead Temperature (Soldering, 10 sec.)...... 300°C ae PART NO. 

+N 
PRECONDITIONING Po -m LT 337AT 


100% THERMAL LIMIT BURN-IN 


LM337T 


SYMBOL 


LT137A 
MIN =—OTYP ~—s MAX 


Reference Voltage 


Veer Ny=Vour|= 5V, lour = 10mA, 


T = 25° 


— Vour| <40V 
uT_< Iwax, P< Paax 


10MA < lout < Iwax, (See Note 2) 
y = 25°C, \Vour | < 5V 
T, = 25°C, |Vour] = 5V 

|Vour] < 5V 

[Vour |= 5V 


3V <|Vy 
10mA < |, 


Load Regulation 


— 1.225 —1.250 — 1.275 


— 1.200 — 1.250 — 1.300 


AVoyr Line Regulation 3V <|Vin—Vour| < 40V, (See 
AVin Note 2) 


T; = 25°C 


Vour = — 10V, f = 120Hz 
Caps = 0 
Caps = 10uF 


Ripple Rejection 


Thermal! Regulation T, = 25°C, 10msec Pulse 


Adjust Pin Current 


Minimum Load Current (Vin—Vour| < 40V 
Vin—Vour| < 10V 
[Vin—Vour |< 15V, 
K and T Package 
H Package 
[Vin—Vour | = 40V, 
K and T Package 
T = 25°C H Package 


Current Limit 


Temperature Stability of Output 
Voltage (Note 4) 


Long Term Stability 


Thin <T< Twax 
Ta = 125°C, 1000 Hours 


RMS Output Noise 
(% of Vour) 


Ta = 25°C, 10Hz < f < 10kHz 


Adjust Pin Current Change 10mMA < lout < Imax 
38V < Vw Vour < 40V 


0.002 0.02 


a5 


0.24 
0.15 


0.4 
0.25 
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SYMBOL 
Vrer 


Reference Voltage 


[Vw—Vour] = 5V, lour = 
25°C 


3V <|Viv — Vour!| <40V 


Load Regulation 
Alout 


Line Regulation 


Ripple Rejection 


Thermal Regulation 
Adjust Pin Current 


Adjust Pin Current Change 


AV, ) 
m T, = 25°C 


Temperature Stability of Output 
Voltage (Note 4) 


Long Term Stability 

RMS Output Noise 

(% of Vout) 

Thermal Resistance H Package 

Junction to Case K Package 
T Package 


The @ denotes the specifications which apply over the full operating 
temperature range. 


The shaded electrical specifications indicate those parameters 
which have been improved or guaranteed test limits provided for the 
first time. 

Note 1: Unless otherwise indicated, these specifications apply: 

[Vin — Vour| = 5V; and lou = 0.1A for the H package, loyr = 0.5A 
for the K and T packages. Power dissipation is internally limited. 
However, these specifications apply for power dissipation up to 2w 
for the H package and 20W for the K and T packages. Imax = 1.5A 
for the K and T packages, and 0.2A for the H package. 


Ta = 125°C, 1000 Hours 


Guc 


10MA < lout < lua, P < Pwax 
40mA < lout < Iwax, (See Note 2 & 


3) 
T, = 25°C, [Vour| < 5V 
T; = 25°C, |Vour| > 5V 


3V <|Viw- Vour| < 40V, (See Note 
2 


Vour = —10V, f = 120Hz 
Can) = 0 
Cans —s: 10 uF 


, = 25°C, 10msec Pulse L_| 


Th = 25°C, 10Hz < f < 10kHz | 


LT137A/LM137 
LT337A/LM337 


ELECTRICAL CHARACTERISTICS (See Note 1) 
10mA, Go 


%/V 


0.10 


0.17 


Note 2: Testing is done using a pulsed low duty cycle technique. See 
thermal regulation specifications fer output changes due to heating 
effects. Load regulation is measured on the output pin at a point 1/8” 
below the base of the K and H package and at the junction of the 
wide and narrow portion of the lead on the T package. 

Nete 3: Load Regulation for the LT337AT is the same as for LM337T. 
Note 4: Guaranteed on LT137A and LT337A, but not 100% tested in 
production. 


LI 


LT137A/LM137 


LT337A/LM337 
ps ln Re ESE a ert 


TYPICAL PERFORMANCE CHARACTERISTICS 


Dropout Voltage Temperature Stability Minimum Load Current 
3.0 T Toole or T 71 1.210 -—— + —— 18 a) 
1.6 — 
Tj= -55°C4 
a J 
é = 1.260 14 f- ae 
Z 4 = f - 
© mm _ (12 4, 
& 5 Eto VAs 
i=) eee H oe 9, 
5 4 = 1.250 f = E17 25°C 
> ty z J 
& 2 g 08 | 
Fa 
2 Fa 3 06 + J 
=) my 4 
a ee 
z | & 1.240 04 fs 
{ 4 0.2 + 4 
J 4.230 L _t 0 i 
9 0.4 0.8 1.2 4.6 2.0 ~75-50~-25 0 25 50 75 100 125 150 0 10 20 30 40 
OUTPUT CURRENT (A) TEMPERATURE (°C) INPUT-OUTPUT DIFFERENTIAL (V) 
Ripple Rejection Ripple Rejection Ripple Rejection 
100 100 — 
PA es Te 4a i 
= 8 , ‘s 3 Caps = 10,F 
8 = = 
= 60 mn 
3 é ” S\CaDs = 10,F a Capy = 0 
8 a an =0 “\ z 
re uy 40 wy 40 [> Tr Till 
Ty 
g Viw-Vour = 8V Fd Vin = —15V 5 VIN = —15¥ 
20: IL = 500mA q 20 - Vout = ~10V—-} 20 [|-Vour = - 10V i 
Tt eons (, = 500mA f= 120 Hz 
fe Tj - 25°C Tj - 25°C 
Pa ry eae _ ! o Letina t 
0 -10 -20 ~30 ~40 10 «100k = 10k 100k 1M 0.01 0.4 1 10 
OUTPUT VOLTAGE (V) FREQUENCY (Hz) OUTPUT CURRENT (A) 
Output impedance Line Transient Response Load Transient Response 
101 
Vn= -15V == =| 
Vout = - 10V. Lu 
IL =500mA. oe EES 
BS wo b-.F = Bz 33 
wy Tj = 26°C ai Le 5s 
Z 2s ard 
3 e a 5a 
<= 10-1 3 2 
5 Caps = 
= =z 9 | | v= -15v 
7 10-2 ADI = MOF 5 Vout = ~ 107 
E == B -05 IN. = SOMA 
22 8-10 A255 = 
a = 
0-3 a J 2 & -15 - — 
10 100 Ik 10k 100k 1M = a 10 20 30 40 
FREQUENCY (Hz) TIME (us) TIME (us) 
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1T337A/LM337 
TYPICAL PERFORMANCE CHARACTERISTICS 
Load Regulation* Current Limit Adjustment Current 
80 fF TT a 
cS z a a 
g = = 70 a 
: ; PONT 
fo} ES © 65 t—] 
5 S é 
= z & eo ++ +—{—+— 
e 3 Z 
3 55 - 4 | 
50 eae Le vn coe Ce cas EE 
0 0.4 08 1.2 1.6 2.0 75-50-25 0 25 50 75 100 125 150 
OUTPUT CURRENT (A) INPUT-OUTPUT DIFFERENTIAL (V) TEMPERATURE (°C) 


*The LT137A/337A has load regulation com- 
pensation which makes the typical unit read 
close to zero. This band represents the typi- 
cal production spread. 


APPLICATION INFORMATION absorb the current, but care must be taken in no-load 


; : situations where R; and Ro have high values. The 
Output Voltage: The output voltage is determined by — maximum value for the operating current, which must 
two external resistors, R; & Ro (see Figure 1). The ex- he absorbed, is 5mA for the LT137A. If input-output 
act formula for the output voltage is: voltage differential is less than 10V, the operating cur- 
Van = Now (1 fi fe ) + lana (Fo) rent that must be absorbed drops to 3mA. 


Where: Vrer = Reference Voltage, lan) = Adjustment 
Pin Current. In most applications, the second term is 
small enough to be ignored, typically about 0.5% of 
Vout. In more critical applications, the exact formula 
should be used, with I,py equal to 65a. Solving for Ro 
yields: 


Ro = Vout — Vet 


Vret 
R + taps 


Figure 1 


Smaller values of Ry and R will reduce the influence of 
laoa on the output voltage, but the no-load current EXAMPLES: 
drain on the regulator will be increased. Typical values * A precision 10V regulator to supply up to 1Amp load current. 
for R; are between 1000 and 3009, giving 12.5mA = * Select Ry = 1002 to minimize effect of laos 

and 4.2mA no-load current respectively. There is an b. Calculate Rp = Your —Vaet. _10V— 1.25V_ _ 7040 
additional consideration in selecting Ri, the minimum Vast — lay 125V _ 5A 

load current specification of the regulator. The operat- > 15v regulator to run off batteries and supply 50mA. 
ing current of the LT 137A flows from input to output. If Vin MAX = 25V 

this current is not absorbed by the load, the output of a. To minimize battery drain, select R; as high as possible 
the regulator will rise above the regulated value. The 
current drawn by R; and R; is normally high enough to 


n, = 225% — 4170, use 4040, 1% 
3mA 


a 


LT ye 4-161 


LT137A/LM137 
LT337A/LM337 


b. The high value for Ry will exaggerate the error due to Ian, $0 
the exact formula to calculate R, should be used. 
15V — 1.25V 
1.25V 


Vret -6 
a al —— - 65x 10 
R, ADJ 0 


Use Rp = 45300 


Capacitors and Protection Diodes: An output capacitor, 
C3, is required to provide proper frequency compen- 
sation of the regulator feedback loop. A 1uF or larger 
solid tantalum capacitor is generally sufficient for this 
purpose if the 1MHz impedance of the capacitor is 20 
or less. High Q capacitors, such as Mylar, are not rec- 
ommended because they tend to reduce the phase 
margin at light load currents. Aluminum electrolytic 
capacitors may also be used, but the minimum value 
should be 10uF to ensure a low impedance at 1MHz. 
The output capacitor should be located within a few 
inches of the regulator to keep lead impedance to a 
minimum. The following caution should be noted: if 
the output voltage is greater than 6V and an output ca- 
pacitor greater than 20uF has been used, it is possible 
to damage the regulator if the input voltage becomes 
Shorted, due to the output capacitor discharging into 
the regulator. This can be prevented by using diode DI 
(see Figure 2) between the input and the output. 


se Vout — Veet _ 


The input capacitor, C2, is only required if the regula- 
tor is more than 4 inches from the raw supply filter 
capacitor. 


Bypassing the Adjustment Pin: The adjustment pin of the 
LT137A may be bypassed with a capacitor to ground, 
C1, to reduce output ripple, noise, and impedance. 
These parameters scale directly with output voltage if 
the adjustment pin is not bypassed. A bypass capaci- 
tor reduces ripple, noise, and impedance to that of a 
1.25V regulator. In a 15V regulator for example, these 
parameters are improved by 15V/1.25V = 12 to 1. 
This improvement holds only for those frequencies 
where the impedance of the bypass capacitor is less 
than R;. Ten microfarads is generally sufficient for 
60Hz power line applications where the ripple fre- 
quency is 120Hz, since X, = 1300. The capacitor 
should have a voltage rating at least as high as the 
output voltage of the regulator. Values larger than 
10uF may be used, but if the output is larger than 25V, 
a diode, D2, should be added between the output and 
adjustment pins (see Figure 2). ; 


—ViN 


D1* IN4002 


* D1 protects the regulator from input shorts to. * * D2 Protects the adjust pin of the regulator 
ground. It is required only when C3 is larger from output shorts if C2 is larger than 10, 
than 20uF and Vour is larger than 6V. and Vout is larger than — 25V, 


Figure 2 


Proper Connection of Divider Resistors: The LT137A has 
an excellent load regulation specification of 0.5% and 
is measured at a point 1/8” from the bottom of the 
package. To prevent degradation of load regulation, 
the resistors which set output voltage, R1 and R2, 
must be connected as shown in Figure 3. Note that the 
positive side of the load has a true force and sense 
(Kelvin) connection, but the negative side of the load 
does not. 


Lead resistance here does not 
ue affect load regulation. 


greed 


—ViN 


Connect Rj directly to 
Regulator Pin. 


Lead resistance here degrades 
load regulation. Minimize 
the length of this lead. 


Figure 3 


R1 should be connected directly to the output lead of 
the regulator, as close as possible to the specified 
point 1/8” from the case. R2 should be connected to 
the positive side of the load separately from the posi- 
tive (ground) connection to the raw supply. With this 
arrangement, load regulation is degraded only by the 
resistance between the regulator output pin and the 
load. If R1 is connected to the load, regulation will be 
degraded. 
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TYPICAL APPLICATIONS 


The output stability, load regulation, line regulation, 
thermal regulation, temperature drift, long term drift, 
and noise, can be improved by a factor of 6.6 over the 
standard regulator configuration. This assumes a 
zener whose drift and noise is considerably better 
than the regulator itself. The LM329B has 20PPM/°C 
maximum drift and about 10 times lower noise than 
the regulator. 


In the application shown below, regulators #2 to “N” 
will track regulator #1 to within + 24mV initially, and 
to + 60mV over all load, line, and temperature condi- 
tions. If any regulator output is shorted to ground, all 
other outputs will drop to ~ —2V. Load regulation of 
regulators 2 to “N” will be improved by Vour/ 1.25V 
compared to a standard regulator, so regulator #1 
should be the one which has the lowest load current. 


Multiple Tracking Regulators 


High Stability Regulator 


Vw = LT317A Vout 


* Solid Tantalum 
**R, or Rs may be trimmed slightly to improve tracking 


Current Regulator 


(0.82 < Rg«< 2502) 
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SCHEMATIC DIAGRAM 


PACKAGE DESCRIPTION 


K Package TO-3 STEEL Metal Can T Package TO-220 Plastic 3-Lead Metal Can Package (H) 
0.760-0.775 = 0:350—0.370_ 
(19.304— 19.685) sO 0a 0.151 + 0.002 (e.890—9.308)_ a0) 
0.325~0,350_ er (3.895 0,051) 0.050 0.002 
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(2.946) 0. -0.165—0,195_ 0,195 
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Se Pred 
0,420~-0.480 1 — ae 6.2520.258) 
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7 ~~ hX gesset 
9.168—-0.178 ane “nN Y 
(4.267 —4.521) e 
0.540+0.015 
0.425—0,436 . 113722036 
(10.795 = 11.048) (8.835 4.089) 0410 pee 
DA (10.41) 
0490-0510 _ 8 
(12.448— 12.054) 
05 +0.010 
3.050 Hp | cose0005. 0.108 oo 015 0.026~ 0.045. 
Wan 0.032 + 0.005 2957 70254 (0.800~ 1.743) 
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.200+0.010 Se 
6.08 £0.264) a 


LIT WW 


y LT137AHV/LT337AHV 
LINC j \D, LM137HV/LM337HV 


TECHNOLOGY High Voltage Negative 
Adjustable Regulators 

FEATURES DESCRIPTION 
m 50V Operation The LT137AHV/LM137HV negative high voltage ad- 
= Guaranteed 1% Initial Voltage Tolerance justable regulators will deliver up to 1.5 Amps output 
= Guaranteed 0.01%/V Line Regulation current over an output voltage range of —1.2V to 
= Guaranteed 0.5% Load Regulation —47V. Linear Technology has made significant im- 
= Guaranteed 0.02%/W Thermal Regulation provements in these regulators compared to previous 
= 100% Burn-in in Thermal Limit devices, such as better line and load regulation, and a 
maxium output voltage error of 1% for the LT1(37AHV 

and LT337AHV. 

Every effort has been made to make these devices easy to 
APPLICATIONS use and difficult to damage. Internal current and power 


limiting coupled with true thermal limiting prevents 
device damage due to overloads or shorts, even if the 
regulator is not fastened to a heat sink. 


Adjustable Power Supplies 

System Power Supplies 

Precision Voltage/Current Regulators 

On-Card Regulators Maximum reliability is attained with Linear Technology's 
advanced processing techniques combined with a 100% 
burn-in in the thermal limit mode. This assures that all 
device protection circuits are working and eliminates field 
failures experienced with other regulators that receive 
only standard electrical testing. For performance curves 
and applications circuits see the LT137A series data 
sheet. 


i 


Worst Case Output Voltage 
Negative Regulator Error @ Ty =25°C 


28 


+ in mH 
+—t T TTY id 
| 2% RESISTORS 


S 


© 


L.M337HV 


TANTALUM 


1% RESISTORS 
2% RESISTORS 


LM337HV 


LT337AHV 


—Vour = 1.25V ( 1+ +) 


1% RESISTORS 
LT337AHV 


OUTPUT VOLTAGE ERROR (PERCENT) 


ou Nn weann @ 


2 4 6810 20 40 60 100 
OUTPUT VOLTAGE 


To 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Power Dissipation ............... Internally Limited 
Input to Output Voltage Differential............. 50V te 
Operating Junction Temperature Range ADJ 
LT137AHV/LM137HV........... —55°C to 150°C 
(T337AHV/LM337HV............. 0°C to 125°C CM137HVK UM137HVH 
Storage Temperature Range CASE IS Via 
LTT37AHV/LMA37HV B5°C10 150°C | crouse «= LMSS7HVK) © LM337HVH 
LT337AHV/LM337HV........... —65°C to 150°C 
Lead Temperature (Soldering, 10sec.)........ 300°C 


PRECONDITIONING 
100% THERMAL LIMIT BURN-IN 


ELECTRICAL CHARACTERISTICS (seo note 1) 


LT137AHV LM137HV 
SYMBOL | PARAMETER CONDITIONS MIN TYP MIN TYP MAX UNITS 
Veer Reference Voltage TVin—Vour| = 5V, Iqur = 10mA, T 
prec ~ 1.225 — 1.250 — 1.275 Vv 
3V < [May — Vout] < 50V 
[TOMA < lour < Imax. P< Parax — 1.200 ~ 1.250 — 1.300 V 
T 
AVour Load Regulation 10mA < lout < Imax. (See Note 2) y 
Alout Tj = 25°C. |Vour| < 5V 15 25 mV 
; = 25°C, |Vour| = 5V 0.3 05 % 
lVour| < 5V 20 50 mv 
Ie | |Vour| = 5V 0.3 100 % 
Wout Line Regulation 3V < [Viv — Vourl < 50V (See 
AVN Note 2) 
T = 25°C 0.01 0.02 %/V 
| 0.02 0.05 alt %/V 
Ripple Rejection “TVour = —10V, f = 120Hz 
Caps = 0 60 dB 
| Caps = 10nF 66 77 dB 
Thermal Regulation T = 25°C, T= 2ms to 12ms 0.002 0.02 %/W 
i Ne 
laps Adjust Pin Current 65 100, | yA 
Alapy Adjust Pin Current Change TOMA € lout < Imax 05 5 yA 
21h 2.5 < [Vin ~ Vout] < 50V 3 6 uA 
Minimum Load Current Vin — Vour] < 50V 2.5 5.0 mA 
iN 
iw — Vourl < 10V ; Oo | 12 3.0 mA 
Isc Current Limit Min = Vourl < 13¥ 
K Package 2.2 3.2 A 
H Package 0.8 1.6 A 
Vin — Vourl = 50V 
K Package 0.4 0.8 A 
T, = 26°C 
H Package 0.17 0.5 A 
AVour Temperature Stability of Output 
Atemp | Voltage (Note 3) Tun < T < Twax 0.6 f % 
AVour Long Term Stability It; = 125°C, 1000 Hours 0.3 1.0 0.3 1.0 % 
ATime L 
Cn RMS Output Noise Ty = 25°C, 10Hz < f < 10kHz | 0.003 0.003 % 
(% Of Vour) 
L 
Oye Thermal Resistance {4 Package | 12 15 12 15 °C/w 
_{Junction to Case K Package 2.3 3.0 2.3 3.0 {| °C/W 
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LT337AHV LM337HV 
SYMBOL PARAMETER | CONDITIONS TYP MIN TYP MAX UNITS 
Veer Reference Voltage [Vin—Vour| = 5V, losr = 10mA, 
; = 25° — 1.213 —1.250 — 1.287 Vv 
r i. 
3V < [Vin — Voutl < 50V 
ate [rom lout < Imax. P< Pwax___|@ — 1.200 — 1.250 — 1.300 Vv 
Vout Load Regulation Js < lout < Imax (See Note ~| 
M ) 
sa T, = 25°C, |Vour| < 5V 1550 mv 
T, = 25°C, [Your] > 5V 03 1.0 % 
|Vour| < 5V 20 70 mV 
|Vour| = 5V 0.3 15 % 
Vout Line Regulation 3V < [Viv — Vourl < SOV (See 
AVin Note 2) 
T, = 26°C 0.01 0.04 W/V 
| 0.02 0.07 | IV 
Ripple Rejection Vor =~ 10V, f= 120Hz 7 
Cany = 0 60 dB 
Cans = 10uF 66 77 a dB 
Thermal Regulation [T= 25°C, T=2ms to 12ms 0.003 0.04 | %/W 
thi Adjust Pin Current [e| 65 100 [ 65 100 uA 
Mapu Adjust Pin Current Change TOMA < lout < Imax e 02 2 2 | pA 
2.5V < Viv — Vout] < 50V e 6 3 6 aA 
Minimum Load Current e 
e@ 
Isc Current Limit Min — Vourl < 13V 
K Package @| 15 2.2 3.5 15 2.2 3.5 A 
H Package @; 05 08 1.8 0.5 08 1.8 A 
Nin — Voutl = 50V 
K Package 0.1 0.4 0.8 0.1 0.4 0.8 A 
H Package 0.0 0.1 0.5 0.05 O17 0.5 A 
Wout Temperature Stability of Output | 
ATemp | Voltage (Note 3) 0.6 | % 
AVourt Long Term Stability Ta = 125°C, 1000 Hours 0.3 1.0 0.3 1.0 % 
ATime | _| 
en TRMS Qutput Noise TT, = 25°C, 10Hz < f < 10kHz Ty] 0.003 0.003 % 
(% of Vour) |_ | —- 
Osc Thermal Resistance H Package 12 15 12 15 i °C/W 
{Junction to Case K Package 2.3 3.0 | 2.3 3.0 °C/W 


The @ denotes the specifications which apply over the full operating 
temperature range. 

The shaded electrical specifications indicate those parameters which 
have been improved or guaranteed test limits provided for the first time. 
Note 1: Unless otherwise indicated, these specifications apply: 

Vin — Vour| = 5V; and lout = 0.1A for the H package, tour = 0.5A 
for the K package. Power dissipation is internally limited. However, these 
specifications apply for power dissipation up to 2W for the H package 
and 20W for the K package. Imax = 1.5A for the K package, and 0.2A 
for the H package. 


Note 2: Testing is done using a pulsed low duty cycle technique. See 
thermal regulation specifications for output changes due to heating 
effects. Load regulation is measured on the output pin at a point 

1/8 inch below the base of the K and H package. 

Note 3: Guaranteed on the LT137AHV and LT337AHV, but not 100% 
tested in production. 


ee 
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SCHEMATIC DIAGRAM 


220 


O12 
025 
026 
ay. 
2pF 
150 10 
100. 
3 0.04 
100 
LJ % 
J 
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[ee a 
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0.420 -0.480 


110.67—12.19) 


0.500 


a) 0.016-0,019 
0. 0.043 MIN {| =i 
cs = oa ¥ 0.406—90.483) 


acier DIA 3 LEADS 
AL a2: eres 0.200 
(29.90 -30.40) (5.080) 
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To 70— 1.58) 
! 
i 


0.100 
(2.540) 


0.210 -0.220 
(5,33 -- 5.59) 


0.152—-0.161 

"(3.86—4.09) R TYP 0.029 -0.045 
0,425—0.496 (@737= 1.14) a 
(10,80—11.08) ae 0.078.004 al 

067 = 0177. Ori 0.88) 4/7 

(4.24-4.49) 6 YP : 

45 | 
8.495 —0.825 


(12.57 = 13.34) 


0.855—0.675 
116.64—17.15)- 7 i 


137AKV . . 

tavay. | 180°C | 45°C 
337AHV 5 : 
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FEATURES 


Guaranteed 1% Initial Tolerance 
Guaranteed 0.3% Load Regulation 
Guaranteed 5 Amp Output Current 
100% Thermal Limit Burn-in 

12 Amp Transient Output Current 


APPLICATIONS 


High Power Linear Regulator 
Battery Chargers 

Power Driver 

Constant Current Regulator 


LT138A/LT338A 
LM138/LM338 


5 Amp Positive Adjustable 


Voltage Regulator 


DESCRIPTION 


The LT138A series of adjustable regulators provide 5 
amps output current over an output voltage range of 
4.2 volts to 32 volts. The internal voltage reference is 
trimmed to less than 1%, enabling a very tight output 
voltage. In addition to excellent line and load regula- 
tion, with full overload protection, the LT138A incor- 
porates new current limiting circuitry allowing large 
transient load currents to be handled for short peri- 
ods. Transient load currents of up to 12 amps can be 


supplied without limiting, eliminating the need for a 


large output capacitor. 


The LT138A is an improved version of the popular 


LM138 with improved circuit design and advanced 


process techniques to provide superior performance 
and reliability. 


The graph below shows the significant improvement 


in output voltage tolerance achieved by using the 
LT138A or LT338A. 


* Parallel Regulators for Higher Current 


VN cry 5V 
0.012 8 amps 
LT 360A ooren 
Vin Vout 
ADJ 1219 
1% 
3650 
1% 
* THRS CIRCUIT WILL NOT WORK = 
WITH LM VERSION DEVICES 
+ CURRENT SHARING RESISTORS 


DEGRADE REGULATION TO 1% 


OUTPUT VOLTAGE ERROR (PERCENT) 


= 
—) 


OunwFraanoase 


Output Voltage Error 


|v atlitt 
| A tert t 2% RESISTORS 
| 
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LM138/LM338 

ABSOLUTE MAXIMUM RATINGS PACKAGE /ORDER INFORMATION 

Power Dissipation ............. Internally Limited 

Input to Output Voltage Differential .......... 35V eee a ORS NH 

Operating Junction Temperature Range LT138AK 
LT138A/LM138............. —§5°C to 150°C LT338AK 
LT338A/LM338................ 0°C to 125°C LM138 

Storage Temperature Range CASE IS 138K 
LTI38A/LM138............. —65°C to 150°C ae LM338K 
LT338A/LM338............. —65°C to 150°C TO'S METAL CAN 

Lead Temperature (Soldering, 10 sec.)...... 300°C less 

PRECONDITIONING 


100% THERMAL LIMIT BURN-IN 


ELECTRICAL CHARACTERISTICS (See Note 1) 


SYMBOL PARAMETER CONDITIONS ; 
Vrer Reference Voltage lour = 10mA T, = 25°C | 1258 
wW< (Vin — Vou) <= 35V 
TOMA < loys < 5A, P < 50W 
AV, Line Regulation 3V < (Vin — Vour) < 35V, (See 
AV ne Note 2) 
Ty = 25°C 
AVour Load Regulation 10mA < loyr < 5A, (See Note 2) 
Alou Ta = 25°C 
Vour <= 5V 
Vout 2 5V 
Vour <= 5V 
Vour = 5V F . 
Thermal Regulation Ta = 25°C, 20msec pulse [| . 
Ripple Rejection Vout = 10V, f = 120Hz 
Cap) = 0 60 
Cans = 10uF 60 75 60 75 dB 
taps Adjust Pin Current a (Se uA 
‘Alans Adjust Pin Current Change 10MA < oy; < 5A, a 
3V_< (Vin—Vour) < 35V pA 
Minimum Load Current (Vin ~ Vour) = 35V lef SC SCSSCS mA 
Isc Current Limit (Vin — Vour) < 10V 
oC § 8 5 8 A 
0.5ms peak 7 12 7 12 A 
a= vg) =U S| es ee 
AVour Temperature Stability % 
ATemp 
AV Long Term Stability Ta = 125°C, 1000 Hours % 
Atime 
® RMS Output Noise Ta = 25°C, 10Hz < f < 10kHz | ae % 
(% of Vour) 
Qe Thermal Resistance K Package | cw 
Junction to Case 


LT138A/LT338A 
LM138/LM338 


ELECTRICAL CHARACTERISTICS (See Note 1) 


LM338 
SYMBOL win = TYP MAX UNITS 


Vaee Reference Voltage lour = 10MA Ta = 25°C v 
3V < (Vin — Vout) < 35V 
40mA < lout < 5A, P < SOW v 
AV Line Regulation 3V < (Vi — Vout) < 35¥, (See 
AVN Note 2) 
Ta = 25°C 5 | ; J IV 
. , IV 
AVout Load Regulation 40mA < loyr < 5A, (See Note 2) 
Alout Ty = 25°C : 
Vout < 5V mV 
Vour = 5V % 
Vour < 5V mV 
Vour = 5V Pe % 
Thermal Regulation Ta = 25°C, 20msec Pulse | | 0.002 0.02 0.002 0.02 %/W 
Ripple Rejection Vour = 10V, f = 120Hz 
Cans = 0 60 60 dB 
= 60 75 60 75 dB 


Caps = 10uF 
laos Adjust Pin Current ee 


Alapy Adjust Pin Current Change 10MA < lout < 5A, 
wv < (Vin— Vout) < 35V 
Minimum Load Current [Vw — Voor) = 35V 


Is¢ Current Limit (Vin — Vout) < 10V 
oc 


0.5ms peak 


AVout Temperature Stability 
ATemp 


AVout Long Term Stability Ts = 125°C, 1000 Hours % 

ATime 

en RMS Output Noise Ta = 25°C, 10Hz < f < 10kHz % 
(% of Vour) 

yc Thermal Resistance K Package °Ciw 
Junction to Case 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Unless otherwise specified, these specifications apply: 

Vin — Vour = 5V and toys = 2.5A. These specifications are 
applicable for power dissipations up to 50W. 

Note 2: See thermal regulation specifications for changes in output 
voltage due to heating effects. Load and line regulation are 
measured at a constant junction temperature by low duty cycle 
pulse testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Load Regulation Dropout Voltage 
0.2 —+—- 4 Paes - 
AVout = 400 my] 
ge Of Ss F + 
Zz Zz 
Zz Es 
0 F~ fut=3h Fa af 
a lout 5A i = 
8 0.1 F OUT a louT= 5A 
a = lout = 3A 
E702 a2 
z 2 
= 
3 —03 Vw = 15V 4 2 
Vout = 10V 
| PRELOAD = 50 mA i | 
0.4 lL. 1 
—75—50—25 0 25 50 75 100 125 150 —75~-50—25 0 26 50 75 100 125 150 
TEMPERATURE (°C) TEMPERATURE (°C) 
Temperature Stability Output Impedance 
1.270 + 10 
= 1 
= 1.260 | 7 2 
rr 3S 
= 0.1 
3 1250 | + 
0.01 
1.240 E 
: 0.001 
1239 LLL J 0.0001 
-50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 
Ripple Rejection Ripple Rejection 
100 400 
a i qethes 
Caps = 10 uF 
80 } pe ae 80 Caps = 10,F 
gS Capj = 0 g 
5 60 3 60 ; 
B B Capj=0 
s 
o 40 4 uy 40 
z Vw — Vour = 5V z | 
lout = 600 mA = = 
20 | — = 120H2 | 2 eae 
is Vout = 10V 
Tj = 25° four = 0.24 
pie |_| Pa ec | 
0 5 10 5 20 25 30 35 10 100 1k 10k 100k 1M 
OUTPUT VOLTAGE (V) FREQUENCY (Hz) 


QUIESCENT CURRENT (mA} ADJUSTMENT CURRENT (124) 


RIPPLE REJECTION (dB} 


Adjustment Current 


_ 


—25 26 7 
TEMPERATURE (°C) 


125 


Minimum Operating Current 
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TYPICAL PERFORMANCE CHARACT ERISTICS 
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Load Transient Response 
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APPLICATIONS INFORMATION 


General 


The LT138A develops a 1.25V reference voltage be- 
tween the output and the adjustable terminal (see Fig- 
ure 1). By placing a resistor, R1, between these two 
terminals, a constant current is caused to flow 
through R1 and down through R2 to set the overail 
output voltage. Normally this current is the specified 
minimum load current of 5mA or 10mA. Because lap, 
is very small and constant when compared with the 
current through R1, it represents a small error and can 
usually be ignored. It is easily seen from the output 
voltage equation, that even if the resistors were of ex- 
act value, the accuracy of the output is limited by the 
accuracy of Vper. Earlier adjustable regulators had a 
reference tolerance of +4% which is dangerously 


LT We 


Ro 
Vout = VREF ( 1+ re + Iapy Re 


Basic Adjustable Regulator 
Figure 1 
close to the +5% supply tolerance required in many 
logic and analog systems. Further, even 1% resistors 
can drift 0.01%/°C, adding additional error to the out- 
put voltage tolerance. 
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For example, using 2% resistors and +4% toler- 
ance for Vper, calculations will show that the 
expected range of a 5V regulator design would be 
4.66V < Vout < 5.36V or approximately + 7%. If the 
Same example were used for a 15V regulator, the ex- 
pected tolerance would be + 8%. With these results 
most applications required some method of trimming, 
usually a trim pot. This solution is both expensive and 
not conducive to volume production. 


One of the enhancements of Linear Technology’s ad- 
justable regulators over existing devices is the tight- 
ened initial tolerance of Vper. This allows relatively 
inexpensive 1% or 2% film resistors to be used for R1 
and R2 to set the output voltage within an acceptable 
tolerance. 


With a guaranteed 1% reference, a 5V power supply 
design, using + 2% resistors, would have a worst 
case manufacturing tolerance of + 4%. If 1% resistors 
are used, the tolerance will drop to + 2.5%. A plot of 
the worst case output voltage tolerance as a function 
of resistor tolerance is shown on the front page. 


For convenience, a table of standard 1% resistor val- 
ues is shown below. 


Table of 2% and 1% Standard Resistance Values 


BSSNXRVsSsassVars 


0 
0 
0 
At 
A 
et 
-t 
2 
12 
2 
3 
3 


Standard Resistance Values are obtained from the Decade Table 
by multiplying by multiples of 10. As an example, 1.21 can repre- 
sent 1.210, 12.10, 1210, 1.21K@ ete. 


Bypass Capacitors 


Input bypassing using a 1uF tantalum or 25,F electro- 
lytic is recommended when the input filter capacitors 
are more than 5 inches from the device. Improved rip- 
ple rejection (80 dB) can be accomplished by adding a 


10,F capacitor from the adjust pin to ground. Increas- 
ing the size of the capacitor to 20uF will help ripple 
rejection at low output voltage since the reactance of 
this capacitor should be small compared to the voltage 
setting resistor, R2. For improved AC transient re- 
sponse and to prevent the possibility of oscillation due 
to unknown reactive load, a 1.F capacitor is also rec- 
ommended at the output. Because of their low imped- 
ance at high frequencies, the best type of capacitor to 
use is solid tantalum. 

Protection Diodes 

The LT138A/338A do not require a protection diode 
from the adjustment terminal to the output (see figure 
2). Improved internal circuitry eliminates the need for 
this diode when the adjustment pin is bypassed with a 
capacitor to improve ripple rejection. 


yt" 


T NEEDED 


Figure 2 

If a very large output capacitor is used, such as a 
100,.F shown in figure 2, the regulator could be dam- 
aged or destroyed if the input is accidentally shorted 
to ground or crowbarred, due to the output capacitor 
discharging into the output terminal of the regulator. 
To prevent this, a diode D1 as shown, is recommended 
to safely discharge the capacitor. 


Load Regulation 

Because the LT138A is a three-terminal device, it is 
not possible to provide true remote load sensing. Load 
regulation will be limited by the resistance of the wire 
connecting the regulator to the load. The data sheet 
Specification for load regulation is measured at the 
bottom of the package. Negative side sensing is a true 
Kelvin connection, with the bottom of the output divid- 
er returned to the negative side of the load. Although it 
may not be immediately obvious, best load regulation 
is obtained when the top of the resistor divider, (R1), is 
connected directly to the case not to the load. This is 
illustrated in Figure 3. \f R1 were connected to the 
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load, the effective resistance between the regulator Rp 


PARASITIC. 
and the load would be 4 LINE RESISTANCE 


Vw 


CONNECT 
Rt TO CASE 


Rp X (er) , Rp = Parasitic Line Resistance. 
Connected as shown, R, is not multiplied by the divid- 
er ratio. Rp is about 0.0040 per foot using 16 gauge 
wire. This translates to 4mV /ft at 1A load current, so it 
is important to keep the positive lead between regula- 


tor and load as short as possible, and use large wire or 
PC board traces. L CONNECT R2 


Connections For Best Load Regulation 
Figure 3. 


TYPICAL APPLICATIONS 


Improving Ripple Rejection 1.2V-25V Adjustable Regulator 5V Regulator With Shut Down 4 


Voutt 


* Cy IMPROVES RIPPLE REJECTION Xc SHOULD * Needed if device is far from 


BE SMALL COMPARED TO Re : = filter capacitors 
+ Optional—improves transient 
response 


t Vout = 1.25v (1+ =) 


Temperature Compensated Lead Acid 
Remote Sensing Battery Charger 


Rp (MAX OROP 300mV) 
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Lamp Flasher Automatic Light Control Protected High Current Lamp Driver 
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PACKAGE DESCRIPTION ases-oss0 Bios 


6. 255-6: 090) 0.116 


K Pagkage To-3 cs 
Steel Metal Can _0.420—-0.490_ SEATING PLM 
(i2.168— 12.192) 168~ 12.192) 0,038 —0,043 


or aa (0.965 ~ 1.092) 
a 


oe 1.477 —1.197 
150° 1 

50°C cw {29.896 30.404) 0.660—-0.670 

= 0.210—0.220 (16.764— 17.018) 

2 (8.334—5.588) 
ba . ee + rere os 
2 me (4.267 —4.521) 
¥ “a 
2 MOUNTING HOLES 


0.425—0.435 
(10.785 — 11.049) 


0.151—0.161 
{3.835 — 4.029) 
DA 


0.490—0.510 
{12.446 — 12.954) 
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FEATURES 


= Guaranteed 1% Initial Voltage Tolerance 
= Guaranteed 3A Output Current 

= Guaranteed 0.3% Load Regulation 

« Guaranteed 0.01%/V Line Regulation 

= 100% Thermal Limit Burn-in 


APPLICATIONS 


= Improved Linear Regulators 
= Adjustable Power Supplies 
a Constant Current Regulation 
= Battery Chargers 


3 Amp Positive Adjustable 
Regulator 


DESCRIPTION 


The LT150A Series are 3-terminal positive adjustable 
voltage regulators which offer improved performance 
over earlier devices. A major feature of the LT150A/ 
350A is the output voltage tolerance is guaranteed at a 
maximum of + 1%, allowing an overall power supply 
tolerance to be better than 3% using inexpensive 1% 
resistors. Line and load regulation performance has 
been improved as well. Additionally, the LT150A/ 
350A reference voltage is guaranteed not to exceed 
2% when operating over the full oad, line and power 
dissipation conditions. The LT150A/350A adjustable 
regulators offer an improved solution for all positive 
voltage regulator requirements with load currents up 
to 3 amps. 


Regulator With Reference 
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Output Voltage Error 

ie TTT 7] 
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a a Ht 
Fa 
oh ; 
f 8 2% RESISTORS} 4959 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Power Dissipation ............. Internally Limited Seas 
Input to Output Voltage Differential .......... 35V ORDER PART NUMBER 
Operating Junction Temperature Range anlas euoe LT150AK 
LT150A/LM150............. —55°C to 150°C LT350AK 
LT350A/LM350................ 0°C to 125°C "ie LM 150K 
Storage Temperature Range hase LM350K 
LT150A/LM150............. —~65°C to 150°C (STEEL) 
LT350A/LM350............. —65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)...... 300°C Si 
LT350AT 
LM350T 
PRECONDITIONING: 
T PACKAGE 
100% THERMAL LIMIT BURN-IN pee 


PARAMETER 
Veer Reference Voltage 


CONDITIONS 
loyr = 10mA, T, = 26°C 


3V < (Vin — Vour) < 35V 
10MA < Ioyr < 3A, P < 30W 


AVour Line Regulation 3V < (Vin — Vout) < 35V, (See 
aVn Note 2) 


0.005 0.01 0.005 0.01 %/V 
i e | 0.02 0.05 0.02, 0.05 | HV 

AVout Load Regulation 1OMA < Ioyy < 3A, (See Note 2) 

Alout Ta = 25°C 
Vout < 5V 5 15 5 : mV 
Vour = SV 0.1 03 i 0.1 . % 
Vout < 5V e 6 50 20 50 mV 
Vout = 5V @ 0.3 1 0.3 1 % 
~ | Thermal Regulation Ta = 25°C, 20msec Pulse 0.002 uw 0.002 0.01 %/W 
Ripple Rejection Vour = 10V, f = 120Hz 


Cans = 0 


e 65 65 dB 
Caos = 1p o| 66 86 8686 {| 8 
lapu Adjust Pin Current e 50 100 50 100 uA 
Alaou Adjust Pin Current Change 10mA < k < 3A | 
e E 


3V_< (Vin — Vour) < 35V 
Minimum Load Current (Vin — Vout) = 35V 


3.5 5 3.5 5 mA 
Current Limit (Vin — Vout) < 10V 45 3.0 45 A 
an 

(Vin — Vour) = 30V 0.3 1 A 

AVout Temperature Stability —55°C < T, < + 150°C 1 % 
ATemp 

—}- —-—} aw 2 
AVout Long Term Stability Ta = 125°C 0.3 1 % 


(% of Your) 


Gc Thermal Resistance K Package 
_| Junction to Case 


atime , 
e, RMS Output Noise Ta = 25°C, 10Hz < f < 10kHZ 0.001 0.001 % 
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ELECTRICAL CHARACTERISTICS (See Note 1) 


LT350A LM350 
SYMBOL PARAMETER CONDITIONS TYP Min TYP MAX UNITS 
Vaer \Reference Voltage lout = 10mA, T, = 25°C | V 
3V < (Vi — Vour) < 35V 1.20 125 1.30 Vv 
10MA < loyr < 3A, P < 30W | 
AVout. Line Regulation 3V < (Vin — Vout) < 35V, (See 
Vin, Note 2) 
Ty = 25°C 0.005 0.03 %IV 
‘h 0.02 0.07 %/V 
AVout Load Regulation 10MA < Igy < 3A, (See Note 2) 
Dour, Th, = 25°C 
Vour < 5V 5 25 mV 
Vout > 5V 0.1 0.5 % 
Vout < 5V 20 
}_ a Vout = 5V 0.3 
Thermal Regulation Ta = 25°C, 20msec Pulse E 0.002 
Ripple Rejection Vout = 10V, f = 120Hz 
Cans =0 65 65 
Caps = 10uF 66 86 66 86 
lay | Adjust Pin Current 50 joo | 50 
Alaps Adjust Pin Current Change 10mA < lout < 3A 
3V < (Vin — Vour) < 35V 0.2 5 0.2 
Minimum Load Current (Vin — Vout) < 35V le | 35 10 3.5 
Current Limit (Vin — Vout) < 10V je | 3 45 3 45 
(Van — Vor) = 30V,7,= 25°C |_| 025 1 A 
AV Temperature Stability [ 1 % 
ATemp 
AVourt Long Term Stability Ta = 125°C 0.3 1 % 
ATime 
ey RMS Output Noise Ta = 25°C, 10Hz < f < 10kHZ 0.001 0.001 % 
(% of Vout) 
Oc Thermal Resistance K Package 1.2 15 1.2 15 °C/W 
Junction to Case T Package 3 4 tf “Cw 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Unless otherwise specified, these specifications apply for 
Vin Vout = 5V and Ioyr = 1.5A. These specifications are 
applicable for power dissipations up to 30W for the K package and 
up to 25W for the T package. Power dissipation is guaranteed at 
these values up to 15 Volts input-output differential. Above 15 Volts 
input-output differential power dissipation is limited by device 
internal protection circuitry. 

Note 2: Regulation is measured at a constant Tj. Changes in output 
due to heating must be taken into account separately. Pulse testing 
with low duty cycle is used. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Load Regulation Current Limit Adjustment Current 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Output Impedance 


1.5 


Line Transient Response 


Load Transient Response 


Court = 0, Capy = 0 
eee 


OUTPUT VOLTAGE 
DEVIATION (V) 
Oo 
a 


OUTPUT VOLTAGE 
DEVIATION (¥), 


OUTPUT IMPEDANCE (OHMS) 


LOAD 


INPUT VOLTAGE 
CHANGE (V) 
° 
a 


10 100 1k 10k 100k 1M 
FREQUENCY (Hz) 


APPLICATION INFORMATION 


General 


The LT150A develops a 1.25V reference voltage be- 
tween the output and the adjustable terminal (see Fig- 
ure 1). By placing a resistor, R1, between these two 
terminals, a constant current is caused to flow 
through R1 and down through R2 to set the overall 
output voltage. Normally this current is the specified 
minimum load current of 5mA or 10mA. 


ane 
Ri 


Vou = Vrer (1 + 2) + laps Re 


Basic Adjustable Regulator 
Figure 1 


Because lap, is very small and constant when com- 
pared with the current through R1, it represents a 
small error and can usually be ignored. It is easily 
seen from the above equation, that even if the resistors 
were of exact value, the accuracy of the output is limit- 
ed by the accuracy Of Ver. Earlier adjustable regula- 
tors had a reference tolerance of +4% which is 


CURRENT (A) 


dangerously close to the + 5% supply tolerance re- 
quired in many logic and analog systems. Further, 
even 1% resistors can drift 0.01%/°C, adding addi- 
tional error to the output voltage tolerance. 


For example, using 2% resistors and + 4% tolerance 
for Veer, calculations will show that the expected 
range of a 5V regulator design would be 4.66V < Vout 
< 5.36V or approximately + 7%. If the same example 
were used for a 15V regulator, the expected tolerance 
would be + 8%. With these results most applications 
required some method of trimming, usually a trim pot. 
This solution is both expensive and not conducive to 
volume production. 


One of the enhancements of Linear Technology’s ad- 
justable regulators over existing devices is the tight- 
ened initial tolerance Of Vper. This allows relatively 
inexpensive 1% or 2% film resistors to be used for R1 
and R2 to set the output voltage within an acceptable 
tolerance. 


With a guaranteed 1% reference, a 5V power supply 
design, using +2% resistors, would have a worst 
case manufacturing tolerance of + 4%. If 1% resistors 
were used, the tolerance would drop to + 2.5%. A plot 
of the worst case output voltage tolerance as a func- 
tion of resistor tolerance is shown on the front page. 
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For convenience, a table of standard 1% resistor val- 
ues is shown below. 


Table of ‘2% and 1% Standard Resistance Values 


r —y 


140 | 2.05 | 301 | 442 | 649 | 953 
1.43 2.10 | 309 | 453 | 665 | 9.76 


Standard Resistance Values are obtained from the Decade Table 
by multiplying by multipies of 10. As an example, 1.21 can repre- 
sent 1.210, 12.10, 1219, 1.21KQ ete. 


Bypass Capacitors 


Input bypassing using a 1,F tantalum or 25yF electro- 
lytic is recommended when the input filter capacitors 
are more than 5 inches from the device. Improved rip- 
ple rejection (80 dB) can be accomplished by adding a 
10.F capacitor from the adjust pin to ground. Increas- 
ing the size of the capacitor to 20.uF will help ripple 
rejection at low output voltage since the reactance of 
this capacitor should be small compared to the voltage 
setting resistor, R2. For improved AC transient re- 
Sponse and to prevent the possibility of oscillation due 
to unknown reactive load, a 1 capacitor is also rec- 
ommended at the output. Because of their low imped- 
ance at high frequencies, the best type of capacitor to 
use is solid tantalum. 


Protection Diodes 


The LT150A/350A do not require a protection diode 
from the adjustment terminal to the output (see Figure 
2). Improved internal circuitry eliminates the need for 
this diode when the adjustment pin is bypassed with a 
capacitor to improve ripple rejection. 


Figure 2 


\f a very large output capacitor is used, such as a 
100.uF shown in Figure 2, the regulator could be dam- 
aged or destroyed if the input is accidentally shorted 
to ground or crowbarred, due to the output capacitor 
discharging into the output terminal of the regulator. 
To prevent this, a diode D1 as shown, is recommended 
to safely discharge the capacitor. 


Load Regulation 


Because the LT150A is a three-terminal device, it is 
not possible to provide true remote load sensing. Load 
regulation will be limited by the resistance of the wire 
connecting the regulator to the load. The data sheet 
specification for load regulation is measured at the 
bottom of the package. Negative side sensing is a true 
Kelvin connection, with the bottom of the output divid- 
er returned to the negative side of the load. Although it 
may not be immediately obvious, best load regulation 
is obtained when the top of the resistor divider (R1) is 
connected directly to the case not to the load. This is 
illustrated in Figure 3. lf R1 were connected to the 
load, the effective resistance between the regulator 
and the load would be 


) , Rp = Parasitic Line Resistance. 


Connected as shown, R, is not multiplied by the divid- 
er ratio. Rp is about 0.0040 per foot using 16 gauge 
wire. This translates to 4mV/ft at 1A load current, so it 
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is important to keep the positive lead between regula- ame 


tor and load as short as possible, and use large wire or 
PC board traces. 


VN 


CONNECT 
R1 TO CASE 


R1 


CONNECT R2 


= TO LOAD 


Connections for Best Load Regulation 
Figure 3 


TYPICAL APPLICATIONS 


1.2V-25V Adjustable Regulator 


rr 


improving Ripple Rejection *Parallel Regulators for Higher Current 


ee 


Voutt Ve 


+ 10uf * 
1. * Needed if device is far from * 
= fiter capacitors a 2 IMPROVES RIPPLE pies X_ SHOULD 
+ Optionali—improves $ Vout = 1.25V ( 4 ice ) SMALL COMPARED 2 
transient response . 
wee a * THES CIRCUIT WILL NOT WORK 1% 
Adjustable Current Limiter Automatic Light Control WITH LM VERSION DEVICES = 
= sus BECAUSE OF WIDER 
REFERENCE VOLTAGE LIMITS 


0.52 
*® CURRENT SHARING RESISTORS 


DEGRADE REGULATION TO 1% 


Remote Sensing 


Precision High Current Reference 
Ro (MAX DROP 300mv) 
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SCHEMATIC DIAGRAM 


LT150A/LT350A 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


K Package TO-3 STEEL Metal Can 


0.760- 0.2275 
(19.30 = 19.69) 
O16 


0.320 - 0.950 
(8.13-8.89) 


0.420 — 0.480 
(10.67 — 12.49) 


=] 


4.17; 


0.210 --0.220 
(5.33 ~5.39) 


0.425 — 0.435 
(10.80- 11.05) 


71,197 
(29.90~30.40) 


0,038 -0.043 


(0.965—0:709) 


0.192 -0.162 
(8.86—4.11) 
Tye 


0.467 ~0.177 
(4,244.49) 
ATYP 


0.490—0.510 
(12.45 = 12.95) 


LT150A 
LM150 


LT350A 
LM350 


0.110:4.0.010 0.995 ~0.420 
{2.794 + 0,254) {10.03 — 10.69) 


T Package 70-220 Plastic 


0.174 -0.186 
(4:420=4.724) 
0.045 ~ 0.055 
(1943-1397) 


0,147--0.151 
2.734—3,808) 


1.020 30.015 


0.540-4.0,015 


113.7240.281) 


0.013—0.030 
0.032 + 0.005, 
i Tostaxo1a7) (0 580-0.787) 
9.0% -- 0.125, 
0.100+ 0.010 12.286 ~3.175} 


(254 2 0.254) 


0.200 20.010 
{5.08 + 0.254) 


Tmax. | Oa 8c 
LT350A ° ‘ ° 
taro | 125°C | Sorc | 2.s°crw 
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SECTION 5—SWITCHING REGULATORS AND VOLTAGE CONVERTERS 


INDEX «53.0. cio ties te ie to Rnc heicganeutiede cela le ned wnat: Gale Badge Wh Tami onset ee Oe ant AO a sak he Ce 5-2 
PROPRIETARY PRODUCTS 
LT1026; Voltage COAVENER 5 55.sicc bie Seve lee is OF hades Oak DS inode benched Loeb aw s ye pale date sweets obeu ant 5-3 
LTC1044/7660, Switched Capacitor Voltage Converter ........ 0.2 ee ete een e nee ete tte eee 5-9 
LTC1044CS8, Switched Capacitor Voltage Converter... 0... 0. ccc cree etn ener enn e nner nent ene 5-21 
LT1054, Switched Capacitor Voltage Converter with Regulator... 6.6.66. cnet ene ene 5-23 
LT1054CS/LT1054IS, Switched Capacitor Voltage Converter with Regulator... 10.1... cece teen teens 5-35 
LT1070, 5A High Efficiency Switching Regulator ..............00..000000. 
LT1071, 2.5A High Efficiency Switching Regulator ..................4. 
LT1072, 1.25A High Efficiency Switching Regulator 
LT1074, Switching Regulator 2:02 csc 0 oo ae ns Sa ee ea Mea wee VOR eye eo dae en TRENT SAE LEE ee lee yas 
LT1170, 5A High Efficiency 100kHz Switching Regulator ..... 0.066 ce ccc eee tne e tenn nets 5-61 
LT1171, 2.5A High Efficiency 100kHz Switching Regulator 00... 06. e ccc teen etn nee 5-61 
LT1172, 1.25A High Efficiency 100kHz Switching Regulator... .... 00.60 cc eee ene tenet n tenes 5-73 
ENHANCED AND SECOND SOURCE PRODUCTS 
$G1524/$G3524, Regulating Pulse Width Modulators .... 00.0... 6 ec nents 5-85 
$G3524S, Regulating Pulse Width Modulator... ene e ent nes 5-93 
LT1524/LT3524, Regulating Pulse Width Modulators 2.2.2.0. e eer n tenes 5-85 
$G1525A/SG3525A, Regulating Pulse Width Modulators... 2.6... ene nett ee 5-97 
LT1525A/LT3525A, Regulating Pulse Width Modulators 0.0.0.6... cette nnn tet eens 5-97 
LT1526/L73526, Regulating Pulse Width Modulators «0.0.2.0 nen cnet n ett etnies 5-105 
$G1527A/SG3527A, Regulating Pulse Width Modulators... 0.0... tne ett teenies 5-97 
LT1527A/LT3527A, Regulating Pulse Width Modulators ........ 2.02206 cect et ttt nee tes 5-97 
L71846/L11847, Current Mode PWM Controller o.oo nent tne nes 5-113 
LT3846/LT3847, Current Mode PWM Controller... 0... ccc een een rete tenet e net teneees 5-113 
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FEATURES 


= Generates + and — from Single Input 
® Upto + 18V Output 

= Only Needs Four 1nF Capacitors 

® No Inductors 

@ {0mA Output Current Min 

= Operates Down to 4V 

® No Latch Up 

® 8 Pin Minidip 


APPLICATIONS 


® Line Drivers 

= Op Amp Supplies 
= Battery Splitters 
@ RS232 Power 


LT1026 
Voltage Converter 


DESCRIPTION 


The LT1026 is a switched capacitor voltage doubler and in- 
verter on a single monolithic die. Capable of operating 
from 4V to 10V input, it provides + 7V to + 18V out. Output 
currents of over 10mA are available. Two charge pumps 
first double the input voltage then invert the doubled volt- 
age. Manufactured in bipolar technology, the LT1026 is not 
susceptible to latch up and generates up to 36V. 


The LT1026 offers a convenient way of generating addi- 
tional system voltages without using inductors. Powering 
interface circuits, op amps or data acquisition circuitry off 
logic supplies is simplified. Other Linear Technology volt- 
age converters such as the low power LTC 1044 CMOS and 
100mA bipolar LT1054 are available. 


TYPICAL APPLICATION 


Voltage Doubler and Inverter 


LT WR 


Output Voltage 


QUTPUT VOLTAGE (V) 


LT1026 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage .......:ssssesccesessscscnseeeeaerees 10V TOP ViEW ORDER PART 

Vif ica cha vale ventana doeten be vabeesen nce tele 20V NUMBER 

Era ane cn ne eR op erry tee -20V 

Short Circuit Duration ..............seseeeees 10 seconds LT1026MJ 

Operating Temperature Range a ae 
DECOM a scmisetntsedabosaotinanated ~55°C to 125°C 1 
LTO26C ex csdncs ets cheese cenadatel 0°C to 70°C SLA GEA DP SLEAD PLASTIC OP 

Lead Temperature (Soldering, 10 sec.) ............. 300°C 


LT1026MH 


LT1026CH 


H PACKAGE 
8-LEAD TO-5 METAL CAN 


ELECTRICAL CHARACTERISTICS 


PARAMETER CONDITIONS MIN TYP MAX UNITS 
Output Voltage Vin=4V 1, =0 Positive 6.5 t T v 
(Note 1) 1, =0 Negative -6 -67 V 

l= 10mA Positive 5.25 57 V 

|_= —10mA Negative 45 -5 v 

Viv=5V 1, =15mA Positive 62 0COUdLt(‘ —y V 

IL = —15mA Negative ~5.5 ~6.2 V 

Vin=10V 1, =0 Positive 18 18.5 v 

|, =0 Negative -17.7 -18 v 

|, = 10mA Positive 16 176 V 

IL= - 10mA Negative - 15.3 -17 V 

I= 15mA Positive 15.25 17 v 

\_= — 15mA Negative ~ 145 - 16.5 v 

Viy=5V 1, =10mA, ~10mA Positive 625. 72 V 

Negative -55 -65 Vv 

Vin=10V {= 10mA, -10mA Positive V 

Negative v 

Supply Current Vn=4V IL =0 12.5 mA 
Vin = 10V [L=0 30 mA 


The @ denotes specifications which apply over 0°C to 70°C for commercial 
or — 55°C to 125°C for military grade devices. Loads are applied to individual 
outputs unless otherwise marked. 


Note 1: Viy Min = - 4.5V forT,<40°C 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Load Regulation (Both Outputs 
Loaded) 


Load Regulation for Positive 
Loading 
10 


Load Regulation for Negative 
Loading 


OUTPUT VOLTAGE (V) 


OUTPUT VOLTAGE (V) 


OUTPUT VOLTAGE (V) 


10 15 
LOAD CURRENT (mA) 


20 25 


Supply Current 


SUPPLY CURRENT (mA) 


10 
OUTPUT CURRENT (mA) 


15 20 


Ripple 


10 15 
LOAD CURRENT (mA) 


20 


Supply Current 


25 


0 5 10 15 20 25 
LOAD CURRENT (mA) 
Supply Current 


SUPPLY CURRENT (mA} 


10 15 
QUTPUT CURRENT (mA) 


20 


SUPPLY CURRENT (mA) 


10 15 20 25 


OUTPUT CURRENT (mA) 


Output Voltage vs Temperature 


RIPPLE (mVp —p) 


OUTPUT VOLTAGE (V) 


Vin=5V 


BOTH OUTPUTS 


47 


10 


22 


OUTPUT CAPACITOR (uF) 


0 


25 


50 
TEMPERATURE (°C) 


75 100 125 
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APPLICATION HINTS 


The LT1026 is a non-regulating voltage converter which 
converts a single input voltage into both a positive and 
negative output at up to 15mA. A positive input voltage is 
first doubled and then the doubled voltage is inverted. The 
voltage output level is dependent on both the input volt- 
age and the output loading. The total output current avail- 
able depends on the individual loading of the outputs 
since loading on one output affects the load and the volt- 
age of the other. 


Only four external components are needed for operation. 
Two charge pump capacitors and two output storage 
capacitors. Nominal value for these capacitors is 1pF, but 
the T1026 will operate (with reduced performance) down 
to 0.1nF. Higher value capacitors (22uF) will reduce ripple 
and slightly lower output impedance. For higher output 
currents the outputs of several converters may be paral- 
leled with common output capacitors. 


The substrate diodes are an inherent part of the IC, and 
must always be reversed biased to isolate the individual 
transistors. In the 11026 the substrate is tied to the nega- 
tive output. If the negative output is not used, such as 
when only the voltage doubler output is needed, the 
~Vour must be tied to ground so the substrate diodes are 
properly biased. The substrate diodes must never become 
forward biased even during overload conditions. For 
example, pulling the -Vour positive with respect to 
ground can forward bias the substrate diodes. Clamping 
the substrate to ground with an external diode would be 
needed to ensure proper operation and prevent the sub- 
Strate from carrying any current. 


No overload protection is included on the LT1026. Neither 
output is damaged by momentary shorts, but during 
sustained shorts the resulting high current flow will over- 
heat the IC. 
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TYPICAL APPLICATIONS 


Positive to Negative Converter 


Voltage Doubler 


LI 


\T1026 


TYPICAL APPLICATIONS 


Standard Configuration Voltage Doubler and Inverter Voltage Quadrupler 


Parallel Converters for Higher Output Current 
and Lower Output Impedance 
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TYPICAL APPLICATIONS 


Regulated Converter 


= Gl 
INPUT OUT 
5 | COMP 171020 


PNP REF comp FB 


+ INPUT OUT NPN 


500k 100k 


SV 


10uF 


—5V REG 10mA 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
8-Lead Ceramic DIP 


H Package 
8-Lead TO-5 Metal Can 


0.335 ~0.370 
{8.508 9,908), 
a 


0,305 - 0.335 
(7.747 8.509) 


aon 0.220—0.310 
X 6.588—7,874) 
MAX 0.165 — 0.185 
4 (4.191 4,695) 
t REFERENCE 200 
SEATING GAUGE PLANE (5.080) 
PLANE Prange 9:500=0.750 ir 


0.014—0.028 


(0.960 —0.660) 
0.038 — 0.068. 
{0.965 -1.727) 


0,125 

3175 

IN 
0.100.4.0.010 
(2.5402 0.254) 


“2 0.027 -0.045 
(0.688 1.143} 
To 
08 —2o 
ram 


7} 15.080 5.842) 


4 


6.110--0.160 
2.744.068} 0,008-0.018 oxi 
(WSULATING {0.203—0.460) 


STANDOFF 


‘NOTE: LEAD DHAMETER IS UNCONTROLLED BETWEEN 


9,3850.025,_,} 
‘THE REFERENCE PLANE AND SEATING PLANE. (9.7794 0.635) 


90 


N Package 
8-Lead Plastic DIP 


0,250 #0,010 
{6.350 20.254) 
0.430 #:0,.005 
0.045 ~ 0.065 9.190. 0.005, 
(1.143=1.654) (3.302 40.127) 
9.065, 9.020 
{0.509} 
See MIN 
3.175) 
win 
9.045 0,015 
(1.143.20.287) 
0.100 0.010 0,018 0,008 
(2.5402 0.254) T (0-457 «0.075} 
ov 
0.098 —0.015 
(9.229-0.381) 
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TECHNOLOGY 


J 


FEATURES 


= Plug-In Compatible with 7660 with These Additional 
Features: 
e Guaranteed Operation to 9V, with No External 

Diode, Over Full Temperature Range 

© Boost Pin (Pin 1) for Higher Switching Frequency 
¢ Lower Quiescent Power 
© Efficient Voltage Doubler 

® 200uA Max. No Load Supply Current at 5V 

= 97% Min. Open Circuit Voltage Conversion 
Efficiency 

= 95% Min. Power Conversion Efficiency 

= Wide Operating Supply Voltage Range, 1.5V to 9V 

@ Easy to Use 

= Commercial Device Guaranteed Over —40°C to 
85°C Temperature Range 


APPLICATIONS 


# Conversion of +5V to + 5V Supplies 

= Precise Voltage Division, VouT =Vin /2 + 20ppm 
= Voltage Multiplication, Vout = = nVin 

= Supply Splitter, Vout = +Vs/2 


LTC1044/7660 


Switched Capacitor 
Voltage Converter 


DESCRIPTION 


The LTC1044 is a monolithic CMOS switched capacitor 
voltage converter which is manufactured using Linear 
Technology’s enhanced LTCMOS™ silicon gate process. 
The LTC1044 provides several voltage conversion func- 
tions: the input voltage can be inverted (Vout = —Vin), 
doubled (Vout =2Vin), divided (Vout = Vin /2) or multi- 
plied (Vout = +NVin). 


Designed to be pin-for-pin and functionally compatible 
with the popular 7660, the LTC 1044 provides significant 
features and improvements over earlier 7660 designs. 
These improvements include: full 1.5V to 9V supply op- 
eration over the entire operating temperature range, with- 
out the need for external protection diodes; 2% times 
lower quiescent current for greater power conversion effi- 
ciency; and a ‘‘boost’’ function which is available to raise 
the internal oscillator frequency to optimize performance 
in specific applications. 


Although the LTC1044 provides significant design and 
performance advantages over the earlier 7660 device, it 
still maintains its compatibility with existing 7660 designs. 


LTCMOS™ is a trademark of Linear Technology Corp. 


Supply Current vs Supply 


Generating CMOS Logic Supply from 2 Mercury Batteries Voltage 


SUPPLY CURRENT Is = 3pA 


LT We 


LTC1044/7660 


ABSOLUTE MAXIMUM RATINGS 


(Notes 1 and 2) 


Supply Voltage .. 0.0... 0... cece 9.5V 
Input Voltage on Pins 1, 6 and 7 

(Note2)..........00. —0.3VsVin =Vt +0.3V 
CurrentintoPiInG .............. 0... 20pA 
Output Short Circuit Duration 

AN Tes SSW Yc ata xn hee se races Continuous 
Operating Temperature Range 

LTC10446 0... —40°C =Ta =85°C 

LTC1044M ............... —55°C =Ta =125°C 
Storage Temperature Range...... —65°C to + 150°C 
Lead Temperature (Soldering, 10sec.) ........ 300°C 


PACKAGE/ORDER INFORMATION 


TOP VIEW 


vt 
(CASE) 


ORDER PART NUMBER 


LTC1044CH 
LTC1044MH 


CAP — 
METAL CAN H PACKAGE 


TOP VIEW 


LTC1044CJ8 
LTC1044CN8 
LTC1044MJ8 


HERMETIC DIP J8 PACKAGE 
PLASTIC DIP N& PACKAGE 


LTC1044M LTC1044C 
SYMBOL | PARAMETER CONDITIONS MIN. TYP MAX | MIN | TYP MAX UNITS 
Is Supply Current Ry = 0, Pins 1 and 7 No Connection 60 60 
Ri = 09, Pins 1 and 7 V+ =3V 20 20 vA 
VFL Minimum Supply Voltage | Ry = 10k {e@ | 1.5 { 1.4 V 
Vty Maximum Supply Voltage | Ry = 10k (Note 3) e 9 9 v 
Rout Output Resistance 1L=20mA, foge = SkHz 100 100 Q 
e 150 130 2 
V+ =2V, IL =3mA, fogg = 1kKHZ e| 400 325 L a 
fosc Oscillator Frequency Cosc = 1pF (Note 4) 
V+ =5V @|5 5 kHz 
Vt=2V e)i 1 ay kHz 
Pere Power Efficiency R, =5kQ, fog¢ = 5kHz [ss 98 95 98 % 
Vouterr | Voltage Conversion Rp=o 97 99.9 97 99.9 £7) 
Efficiency 
lose Oscillator Sink or Source | Vggo=OV or V* [ 
Current Pin 1=0V e 3 3 pA 
Pin 1=V+ e 20 20 | aA 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Absolute Maximum Ratings are those values beyond which the 
life of the device may be impaired. 

Note 2: Connecting any input terminal to voltages greater than V* or 
less than ground may cause destructive latch-up. It is recommended that 
no inputs from sources operating from external supplies be applied prior 
to power-up of the LTC1044. 


Note 3: The LTC1044 is guaranteed to operate with alkaline, mercury or 
NiCad 9V batteries, even though the initial battery voltage may be slightly 
higher than 9.0V. 

Note 4: fogc is tested with Cogc = 100pF to minimize the effects of test 
fixture capacitance loading. The 1pF frequency is correlated to this 
100pF test point, and is.intended to simulate the capacitance at pin 7 
when the device is plugged into a test socket and no external capacitor is 
used. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Using Test Circuit Shown in Figure 1) 


10 


SUPPLY VOLTAGE, V* {V)} 
oun Rk Ww kh HD DN O&O 


2.5 


QUTPUT VOLTAGE (V} 


lie 74 
Rs I og 
oe) 
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= 1 
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Operating Voltage Range vs 
Temperature 


55 -25 0 50 75 


25 
AMBIENT TEMPERATURE, Ta (°C) 


Power Conversion Efficiency vs 
Load Current for Vt =2V 


°o 


2 3 4 6 7 
LOAD CURRENT, 1, (mA) 


Output Voltage vs Load Current 
for V+ =2V 


2 


Oo 1 2 


3.4 5 6 
LOAD CURRENT, |, (mA) 
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Power Efficiency vs Oscillator 
Frequency 
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Power Conversion Efficiency vs 
Load Current for V+ =5V 


for V+ =5V 


20 
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LOAD CURRENT, |, (mA) 
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OUTPUT RESISTANCE, Ro (2) 
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Output Resistance vs Oscillator 
Frequency 


1k 1 400k 
OSCILLATOR FREQUENCY, {ogc (Hz) 


Output Resistance vs Supply 
Voltage 


OUTPUT RESISTANCE, Ro (2) 


0 
6G) im 


0 12 3 4 5 6 7 8 9 10 
SUPPLY VOLTAGE, V+ (V) 


Output Resistance vs 
Temperature 


re 


A 


75 


25 0 2 50 100 125 
AMBIENT TEMPERATURE (°C) 


LT WR 


5-11 


LTC1044/7660 


TYPICAL PERFORMANCE CHARACTERISTICS (Using Test Circuit Shown in Figure 1) 


Oscillator Frequency as a 


Oscillator Frequency vs Supply 


Oscillator Frequency vs 


Function of Cosc Voltage Temperature 
100k 400k ; 15 
Vt abv Cose = OpF V+=5V 
asc = Op! 
= Ta=25°C = TF 1y=26°0 gale Cose=0 
= = z 13 
2 | a x a 
Bie PIN 1 =V+= g 8 1 
= > 10k < 
g & t 2 fl 
& ik y Ss > 10 
= PIN 1=OPEI w S 
ca 
x o ra 
4 = tk S 
S 5 =f a 8 
= 100 = 3 
g S = #7 
o f—] QD 
{ \ © 6 
10 0.1k 5 
400 1k 10k 012 3 45 67 8 9 10 -55 ~2 0 2 50 75 100 125 
EXTERNAL CAPACITOR (PIN 7 TO GROUND), Cosc (PF) SUPPLY VOLTAGE, V+ (V) AMBIENT TEMPERATURE (°C) 


TEST CIRCUIT 


‘ EXTERNAL 
O—< osciLLatoR Ry 


v+ (5V) 


APPLICATIONS INFORMATION 


Theory of Operation 


To understand the theory of operation of the LTC1044, a 
review of a basic switched capacitor building block is 
helpful. 


in Figure 2, when the switch is in the left position, 
capacitor C1 will charge to voltage V1. The total charge on 
C1 will be qi =C1V1. The switch then moves to the right, 
discharging C1 to voltage V2. After this discharge time, 
the charge on Ct is q2=C1V2. Note that charge has 
been transferred from the source, V1, to the output, V2. 
The amount of charge transferred is: 


Aq=qt—q2=C1(V1—V2). 


If the switch is cycled f times per second, the charge 
transfer per unit time (i.e., current) is: 


t=fx Aq=fxC1(V1—V2). 
v1 v2 
f 
RK. 


Figure 2. Switched Capacitor Building Block 
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APPLICATIONS INFORMATION 


Rewriting in terms of voltage and impedance 
equivalence, ; 
_Vi-V2 _ Vi-V2_ 


(1/fC1) —- Reauiv 


A new variable, Requiv, has been defined such that 
Reauiv =1/fC1. Thus, the equivalent circuit for the 
switched capacitor network is as shown in Figure 3. 


Requiv 


1 
Reguiv=—y— 


Figure 3. Switched Capacitor Equivalent Circuit 


Examination of Figure 4 shows that the LTC1044 has the 
same switching action as the basic switched capacitor 
building block. With the addition of finite switch on- 
resistance and output voltage ripple, the simple theory, 
although not exact, provides an intuitive feel for how the 
device works. 


| 
CLOSED WHEN 
V+>3.0V 


For example, if you examine power conversion efficiency 
as a function of frequency (see typical curve), this simple 
theory will explain how the LTC1044 behaves. The loss, 
and hence the efficiency, is set by the output impedance. 
As frequency is decreased, the output impedance will 
eventually be dominated by the 1/fC1 term and power 
efficiency will drop. The typical curves for power effi- 
ciency versus frequency show this effect for various 
capacitor values. 


Note also that power efficiency decreases as frequency 
goes up. This is caused by internal switching losses 
which occur due to some finite charge being lost on each 
switching cycle. This charge loss per unit cycle, when 
multiplied by the switching frequency, becomes a current 
loss. At high frequency this loss becomes significant and 
the power efficiency starts to decrease. 


LV (Pin 6) 


The internal logic of the LTC1044 runs between V* and 
LV (pin 6). For V* greater than or equal to 3V, an internal 
switch shorts LV to GND (pin 3). For V* less than 3V, the 
LV pin should be tied to GND. For V* greater than or 
equal to 3V, the LV pin can be tied to GND or left floating. 


LY Wine 
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APPLICATIONS INFORMATION 


OSC (Pin 7) and Boost (Pin 1) 


The switching frequency can be raised, lowered or driven 
from an external source. Figure 5 shows a functional 
diagram of the oscillator circuit. 


By connecting the boost pin (pin 1) to V+ , the charge and 
discharge current is increased and, hence, the frequency 
is increased by approximately 7 times. Increasing the fre- 
quency will decrease output impedance and ripple for 
higher load currents. 


Loading pin 7 with more capacitance will lower the fre- 
quency. Using the boost (pin 1) in conjunction with ex- 
ternal capacitance on pin 7 allows user selection of the 
frequency over a wide range. 


Driving the LTC1044 from an external frequency source 
can be easily achieved by driving pin 7 and leaving the 
boost pin open, as shown in Figure 6. The output current 
from pin 7 is small, typically 0.5yA, so a logic gate is 
capable of driving this current. The choice of using a 
CMOS logic gate is best because it can operate over a 
wide supply voltage range (3V to 15V) and has enough 
voltage swing to drive the internal Schmitt trigger shown 


SCHMITT 
TRIGGER 


Figure 5. Oscillator 


in Figure 5. For 5V applications, a TTL logic gate can be 
used by simply adding an external puil-up resistor (see 
Figure 6). 


External Diode (Dx ) 


Previous circuits of this type have required a diode be- 
tween Vout (pin 5) and the external capacitor, C2, for 
voltages above 6.5V (5V for military temperature range). 
Because of improvements which have been made in the 
LTC1044 circuit design and Linear Technology’s silicon 
gate CMOS process, this diode is no longer required. The 
LTC1044 will operate from 1.5V to 9V, without the protec- 
tion diode, over all temperature ranges. 

It should, however, be noted that the LTC1044 will 
operate without any problems in existing 7660 designs 
which use the protection diode, as long as the maximum 
operating voltage (V+ ) of 9V is not exceeded. 


Capacitor Selection 


External capacitors C1 and C2 are not critical. Matching is 
not required, nor do they have to be high quality or tight 
tolerance. Aluminum or tantalum electrolytics are excellent 
choices, with cost and size being the only consideration. 


Figure 6. External Clocking 
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TYPICAL APPLICATIONS 


Negative Voltage Converter 


Figure 7 shows a typical connection which will provide a 
negative supply from an available positive supply. This cir- 
cuit operates over full temperature and power supply ranges 
without the need of any external diodes. The LV pin (pin 6) 
is shown grounded, but for V+ = 3V it may be ‘‘floated”’, 
since LV is internally switched to ground (pin 3) for 
V+ >WV. 


The output voltage (pin 5) characteristics of the circuit are 
those of a nearly ideal voltage source in series with an 
800 resistor. The 802 output impedance is composed of 
two terms: 1) the equivalent switched capacitor resist- 
ance (see Theory of Operation) and 2) a term related to the 
on-resistance of the MOS switches. 


At an oscillator frequency of 10kHz and C1 =10yF, the 
first term is: 


{ 
REA ee 
EQUIV (fos /2) xC1 


{ 


$$. =200. 

5x 108 x 10x 10-6 
Notice that the above equation for Reauiv is not a 
capacitive reactance equation (Xc = 1/G)C) and does not 
contain a 277 term. 


10nF 


Vy (1.59 TO 9V) 


ANS14 


WER 


The exact expression for output impedance is extremely 
complex, but the dominant effect of the capacitor is Clearly 
shown on the typical curves of output impedance and power 
efficiency versus frequency. For C1 =C2=10yF, the out- 
put impedance goes from 600 at fosc = 10kHz to 2000 at 
fosc =1kHz. As the 1/fC term becomes large compared to 
the switch on-resistance term, the output resistance is de- 
termined by 1/fC only, 


Voltage Doubling 


Figure 8 shows two methods of voltage doubling. in 
Figure 8a doubling is achieved by simply rearranging 
the connection of the two external capacitors. When the 
input voltage is less than 3V, an external 1MQ resistor is 
required to ensure the oscillator will start. It is not re- 
quired for higher input voltages. 


In this application the ground input (pin 3) is taken 
above V+ (pin 8) during turn-on, making it prone to 
latch-up. The latch-up is not destructive but simply 
prevents the circuit from doubling. Resistor R1 is added 
to eliminate the problem. In most cases 2000 is suffi- 
cient. It may be necessary in a particular application to 
increase this value to guarantee start-up. 


The voltage drop across R1 is : Vay =2 x lout Ai. If 
this voltage exceeds two diode drops (1.4V for silicon, 
0.8V for Schottky), the circuit in Figure 8a is recom- 
mended. This circuit will never have a start-up problem. 


V+ (1.5V TO 9.0V) 


Tain Tas TMax 


Vin 
(1.5V TO 9.0V) 


“TREQUIRED FOR 
Wv+<a.0Vv 
+ 


Figure 8. Voltage Doubler (b) 
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TYPICAL APPLICATIONS 
Ultra Precision Voltage Divider 


An ultra precision voltage divider is shown in Figure 9. To 
achieve the 0.0002% accuracy indicated, the load cur- 
rent should be kept below 100nA. However, with a slight 
loss in accuracy, the load current can be increased. 


Battery Splitter 


A common need in many systems is to obtain (+) and 
(—) supplies from a single battery or single power supply 
system. Where current requirements are small, the cir- 
cuit shown in Figure 10 is a simple solution. It provides 
symmetrical + output voltages, both equal to one half 
the input voltage. The output voltages are both refer- 
enced to pin 3 (output common). If the input voltage be- 
tween pin 8 and pin 5 is less than 6V, pin 6 should also be 
connected to pin 3, as shown by the dashed line. 


Paralleling for Lower Output Resistance 


Additional flexibility of the LTC 1044 is shown in Figures 11, 
12 and 13. 


V+ (3V TO 18V) 


& + 0.002% 


+1 ce 
TwwsTasT 
MINS "AS MAX 7 REQUIRED FOR V+ <6V 


1,5 100nA 


Figure 9. Ultra Precision Voltage Divider 


Figure 11 shows two LTC1044s connected in parallel to 
provide a lower effective output resistance. If, however, 
the output resistance is dominated by 1/fC1, increasing 
the capacitor size (C1) or increasing the frequency will be 
of more benefit than the paralleling circuit shown. 


Figures 12 and 13 make use of ‘‘stacking’’ two 
LTC1044s to provide even higher voltages. In Figure 12, 
a negative voltage doubler or tripler can be achieved, 
depending upon how pin 8 of the second LTC 1044 is con- 
nected, as shown schematically by the switch. Figure 13 
indicates a similar circuit which can be used to obtain 
positive tripling, or even quadrupling (the doubler circuit 
appears in Figure 8a. In both of these circuits, the 
available output current will be dictated/decreased by 
the product of the individual power conversion efficien- 
cies and the voltage step-up ratio. 


+Vp/2 (4.5V) 


g qo REQUIRED FOR Vg<6V 


OUTPUT 
COMMON 


3V.sVgs 18V 


Figure 10. Battery Splitter 
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TYPICAL APPLICATIONS 


(vt) 


*THE EXCLUSIVE NOR GATE SYNCHRONIZES BOTH LTC1044s TO MINIMIZE RIPPLE 


Figure 11. Paralleling for Lower Output Resistance 


FOR Voyr= — 3Vt+— 


FOR Voyt= —2V+ 
© 


1N914 


Vt (+5) 


*REQUIRED FOR V+ <3.0V 


Figure 13. Voltage Tripler /Quadrupler 
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TYPICAL APPLICATIONS 


200k 


Vin | ~Vout| +0.5V 
LOAD REGULATION 20.02%, OmA TO 15mA 


10 uF 


OUTPUT 
OV T0 3.5V 
4.2V REFERENCE TO Opsi TO 350psi 
A/D CONVERTER FOR 


RATIOMETRIC OPERATION (1mA MAX) 


T1004 
1.2V 


3500 PRESSURE 
TRANSDUCER 


“1% FILM RESISTOR 
PRESSURE TRANSDUCER BLH/DHF-350 
(CIRCLED LETTER IS PIN NUMBER) 


Figure 15. Single 5V Strain Gauge Bridge Signal Conditioner 
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| LTC1044/7660 


EVEREADY EXP-30 ——— 


Figure 16. Regulated Output + 3V to + 5V Converter 
2N2219 


Vout =5V 


SHORT CIRCUIT 
PROTECTION 5 FEEDBACK AMP 


4 EVEREADY E-91 CELLS = 6V 


Vpaopout AT tmA= 4m 
Vppopour AT 10mA = 15mV 
= Vpropour AT 100mA = 95mV 


Figure 17. Low Dropout 5V Regulator 
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PACKAGE DESCRIPTION 


H Package 
Metai Can 


0,355 — 0.370 
(9.017 9.398) 
DIA 


0,305 — 0.335 
(7.747—6.509) 
DIA 


0,040 
(1016) 1,060 
wx (1.270) 0.165—0.185 
__ WAX (4-191 — 4.699) 
SEATING 
PLANE GAUGE 9,500 0.750 
0,010 - 0.065 nl [] Mn (12.70—19.05) 
Oat te) —>| [0.016 0.021 
{0.406 —0.523) 
TH 0,200 
{6.080} .0.015—0.060 
MAX (0.981 1.524) 
aseTvP 4 0.027 -0.045 
0.027 0.034 (0.686— 1.143) 
os 7 | GLASS 
& 0.125—0.200 


(3.175— 5.080) 
0.100 2.100 
(2.540) (2,540) 
0.120--0.160 asc* Bee 
(3.048 — 4.064} aan TYP 
INSULATING 
STANDOFF 
NOTE: DIMENSIONS IN INCHES (MILLIMETERS) 
Tmax ja 5c 
150°C B0°C/W | 45°C/W 
N8 Package 


8 Lead Plastic 


0.240— 0,280 
(6.096—7.112) 
lo 
| ie 0,060 
awe MAX (1.524) 
sa 
0.370- 0.400 
saa (8.400 —10.16) 
0.005 
(0.127) 
MIN 
0,155 — 0.175 
(3.997— 4.445) 
0.250.130 0.115—0.145 
(3.175 — 3,302) (2.921— 3,683) 
i] 0,030 ~ 0.060 
0.762—1.524) 
0.100 
rm Te 
red 0.014-0.023 
(0.356—0.684) 
uF Te 


J8 Package 
8 Lead Hermetic DIP 


0.220—0.310 
(6.568 — 7.874) 


11.387) 
WAX 
0.405 
(10.28) 
MAX 
6.005, 
(0.127) 
MIN 


0.030~ 0.070 ‘ 


(0.762 — 1.778) 
TYP 


0.014—0.023 
{0.356 — 0,564) 
TYP 


NOTE: DIMENSIONS IN INCHES (MILLIMETERS) UNLESS OTHERWISE NOYED 
“LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tymax 
150°C 


100°C /W 


75° 
J 
q 4 
a " 
at) yt 
sgh i 
alane 0,008 0.015 
mae {0.203 -0.381) 
TP 
0.200-0.310 
(7.366 -7.874) 


NOTE: DIMENSIONS IN INCHES (MILLIMETERS) UNLESS OTHERWISE NOTED 
*LEADS WITHIN 0.007 OF TRUE POSITION {TP) AT GAUGE PLANE 


Tymax 
100°C 


Om 
130°C /W 
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FEATURES 


= Plug-In Compatible with 7660 with These Additional 
Features: 
e Guaranteed Operation to 9V, with No External 

Diode, Over Full Temperature Range 

Boost Pin (Pin 1) for Higher Switching Frequency 
e Lower Quiescent Power 
Efficient Voltage Doubler 

= 200yA Max. No Load Supply Current at 5V 

= 97% Min. Open Circuit Voltage Conversion 
Efficiency 

= 95% Min. Power Conversion Efficiency 

= Wide Operating Supply Voltage Range, 1.5V to 9V 

# Easy to Use 

= Commercial Device Guaranteed Over —40°C to 
85°C Temperature Range 


APPLICATIONS 


ws Conversion of +5V to +5V Supplies 

= Precise Voltage Division, VouT =Vin/2 + 20ppm 
= Voltage Multiplication, VouT = + nVin 

= Supply Splitter, Vout = +Vs/2 


LTC1044CS8 


Switched Capacitor 
Voltage Converter 


DESCRIPTION 


The LTC1044 is a monolithic CMOS switched capacitor 
voltage converter which is manufactured using Linear 
Technology’s enhanced LTCMOS™ silicon gate process. 
The LTC1044 provides several voltage conversion func- 
tions: the input voltage can be inverted (Vout = —VIN), 
doubled (Vout = 2Vin), divided (VouT =Vin /2) or multi- 
plied (Vout = = NVIN). 


Designed to be pin-for-pin and functionally compatible 
with the popular 7660, the LTC1044 provides significant 
features and improvements over earlier 7660 designs. 
These improvements include: full 1.5V to 9V supply op- 
eration over the entire operating temperature range, with- 
out the need for external protection diodes; 2‘ times 
lower quiescent current for greater power conversion effi- 
ciency; and a ‘‘boost’’ function which is available to raise 
the internal oscillator frequency to optimize performance 
in specific applications. 


Although the LTC 1044 provides significant design and 
performance advantages over the earlier 7660 device, it 
still maintains its compatibility with existing 7660 designs. 


LTCMOS"™ js a trademark of Linear Technology Corp. 


Generating CMOS Logic Supply from 2 Mercury Batteries 


SUPPLY CURRENT Ig = 3pA 


Supply Current vs Supply 
Voltage 


oo1 


23 4 5 67 8 Q 10 
SUPPLY VOLTAGE, V+ (V) 


AT Wee 
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ABSOLUTE MAXIMUM RATINGS 


(Notes 1 and 2) 


Supply Voltage 0... ee, 9.5V 
Input Voltage on Pins 1, 6 and 7 

(Note2)..........0.. —0.3V-sVin <Vt +0.3V 
CurrentintoPin6 .........0. 00.0. cece 20pA 
Output Short Circuit Duration 

(US OW) sxc eae lh Continuous 
Operating Temperature Range.... —40°C <Ta <85°C 
Storage Temperature Range... ... — 65°C to + 150°C 
Lead Temperature (Soldering, 10sec.) ........ 300°C 


PACKAGE/ORDER INFORMATION 


ORDER 
PART NUMBER 


TOP VIEW 


LTC1044CS8 


PART MARKING 


S8 PACKAGE 
PLASTIC SO 


ELECTRICAL CHARACTE RISTICS V+ =5V, Ta =25°C, unless otherwise specified. 


See LTC 1044/7660 data sheet for test circuit. 


— 


LTC1044CS8 


SYMBOL PARAMETER CONDITIONS MIN TYP = MAX 
ls Supply Current R. = &, Pins 1 and 7 No Connection pA 
R. =o, Pins 1 and7V=3V pA 
Minimum Supply Voltage V 
Maximum Supply Voltage R, = 10k (Note 3) 9 V 
Output Resistance 1, = 200mA, foso= SkHz 100 Q 
e 130 Q 
V+ =2V, 1 =3mA, fogo = 1kHz ey 325 Q 
fose Oscillator Frequency Cosc= {pF (Note 4) i= 
VT =5V e 5 kHz 
Vt =2v ° 1 all, kHz 
Pere Power Efficiency R= 5kQ, fosc = 5kHz | 95 98 4 % 
Vourerr Voltage Conversion RL=@ 97 99.9 % 
Efficiency 
lose Oscillator Sink or Source Vogo = OV or V* =p Sal 
Current Pin1=0V e 3 pA 
es eee eee ee pees 200 on 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Absolute Maximum Ratings are those values beyond which the 
life of the device may be impaired. 

Note 2: Connecting any input terminal to voltages greater than V* or 
less than ground may cause destructive latch-up. It is recommended that 
no inputs from sources operating from external supplies be applied prior 
to power-up of the LTC 1044. 


Note 3: The LTC 1044 is guaranteed to operate with alkaline, mercury or 
NiCad QV batteries, even though the initial battery voltage may be slightly 
higher than 9.0V. 

Note 4: fogc is tested with Cogc = 100pF to minimize the effects of test 
fixture capacitance toading. The 1pF frequency is correlated to this 
100pF test point, and is intended to simulate the capacitance at pin 7 
when the device is plugged into a test socket and no external capacitor is 
used. 


9-22 


LY see 


J WU 


FEATURES 


= 100mA Output Current 

= Low Loss—1.1V at 100mA 

= Operating Range 3.5V to 15V 

= Reference and Error Amplifier for Regulation 
= External Shutdown 

= External Oscillator Sync 

= Gan be Paralleled 

= Pin Compatible with the LTC1044/7660 


APPLICATIONS 


= Voltage Inverter 

= Negative Voltage Doubler 
= Voltage Regulator 

= Positive Voltage Doubler 
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11054 


Switched Capacitor Voltage 
Converter with Regulator 
DESCRIPTION 


The LT1054 is a monolithic, bipolar, switched capacitor 
voltage converter and regulator. The LT1054 provides 
higher output current than previously available converters 
with significantly lower voltage losses. An adaptive switch 
drive scheme optimizes efficiency over a wide range of 
output currents. Total voltage loss at 100mA output cur- 
rent is typically 1.1V. This holds true over the full supply 
voltage range of 3.5V to 15V. Quiescent current is typically 
2.5mA. 


The LT1054 also provides reguiatio 
ously available in switche 


feature not previ- 
Itage converters. 


By adding an ext ider, a regulated output 
can be EO utput ‘oO gulated against 
S input v ut current. The 
can also be pr} grounding the feedback 

t down is less than 100pA. 


pin. Su ves 


pt al oscillator of the LT1054 runs at a nominal fre- 
u 


ency of 25kHz. The oscillator pin can be used to adjust 
the switching frequency, or to externally synchronize the 
LT1054. 


The LT1054 is pin compatible with previous converters 
such as the LTC 1044/7660. 


Voltage Loss 


3.5V sViy 5 15V 
, Cin=Cour= 100nF 


VOLTAGE LOSS (V) 
“T 


INDICATES GUARANTEED TEST POINT 


Q 
0 10 20 30 40 50 6 70 80 9% 100 
OUTPUT CURRENT (mA) 


AT ie 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Note 1) ........c.cceeeeseseseeeees 16V 
Input Voltage (Pin 1)........... cece ea eae OV<VpinisVt 
Input Voltage (Pin 7) .........cceeeeseues OV<Voin7 <VrReF 
Operating Temperature Range 

LTIOSAG oct. sina oxcnnceesaetaienecan 0°C to 70°C 

LPIOSAM Sc caivicdasi vege itis der aaton ~55°C to 126°C 
Junction Temperature (Note 2) 

LUTOSAG i cindioce yoiniendcriasneentasaavans ee 125°C 

LT 1084 csensscey cgi dudasadcaveasncndads 150°C 
Storage Temperature Range............. ~ 55°C to 150°C 
Lead Temperature (Soldering, 10 sec.).............. 300°C 


PACKAGE/ORDER INFORMATION 
Zope ORDER PART 
NUMBER 


LT1054MJ 
LT1054CJ 
LT1054CN 


JB PACKAGE 
HERMETIC DIP 


N8 PACKAGE 
PLASTIC DIP 


TOP VIEW 
V+ 


LT1054MH 
LT1054CH 


ALSO AVAILABLE 
IN SO PACKAGE 


CASE (S Vout 


H PACKAGE 
TO-5 METAL CAN 


ELECTRICAL CHARACTERISTICS 


PARAMETER | conpitions [MIN TYP MAX | _CUNITS 
Supply Current loap=OmA 
Vin=3.5V ° 25 35 mA 
‘le Vin = 15V _| e 3.0 45 mA 
Supply Voltage Range e 3.5 15 V 
Voltage Loss (Vy ~ |Vourl) Ciy= Coy = 100,F Tantalum hey Hl 
(Note 3) 
lour= 10mA e 0.35 0.55 V 
ale lour= 100mA je 1.10 1.60 | V 
Output Resistance Aloyr = 10mA to 100mA ‘| 
(Note 4) e 10 15 1 ies iH 
Oscillator Frequency a 3.5V <Viy s15V ~] e 15 25 35 kHz 
Reference Voltage lrer = 60pA Ty a 
T,= 25°C 2.35 2.50 2.65 v 
e| 2.25 2.75 | V 
Regulated Voltage Vin = 7V, T) = 25°C, R, = 5000 
(Note 5) | -4.70 - 5.00 - 5.20 im V 
Line Regulation 7V<Vins t2V, R, = 5000 e 5 25 mV 
(Note 5) | |: 
Load Regulation Viy=?7V “| 
1000 <R, <5000 
(Note 5) e 10 50 mV 
Maximum Switch Current iz 300 mA 
Supply Current in Shutdown Vpin1 = OV e 100 150 | pA 


The @ denotes specifications which apply over the full operating tempera- 
ture range. For C grade parts these specifications also apply up to a junc- 
tion temperature of 100°C. 

Note 1: The absolute maximum supply voltage rating of 16V is for unregu- 
lated circuits. For regulation mode circuits with Voy; s 15V at Pin 5, this rat- 
ing may be increased to 20V. 

Note 2: The devices are guaranteed by design to be functional up to the 
absolute maximum junction temperature. 


Note 3: For voltage loss tests, the device is connected as a voltage 


inverter, with Pins 1, 6, and 7 unconnected. The voltage losses may be 
higher in other configurations. 

Note 4: Output resistance is defined as the slope of the curve, (AVoyt VS 
Alou), for output currents of 10 to 100 mA. This represents the linear por- 
tion of the curve. The incremental slope of the curve will be higher at cur- 
rents <10mA due to the characteristics of the switch transistors. 

Note 5: All regulation specifications are for a device connected as a 
positive to negative converter/regulator with Ri = 20k, R2 = 102.5k, 
C1=0.002uF, Ciy = 10uF tantalum, Coyr = 100uF tantalum. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Shutdown Threshold Supply Current Oscillator Frequency 
0.6 35 
0.5 + 
= i & 
doa a id x 
x= E = 
Z & =4 
= 03 +——_F & 2B 
oe > 
FS > a 
Bo2 z Fd 
2 a 
” 
0.1 {___} | 
0 15 
50 -25 0 25 60 75 100 125 —75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) INPUT VOLTAGE (V) TEMPERATURE (°C) 
Supply Current in Shutdown Average Input Current Output Voltage Loss 
le epee se 
ioe 
g TS pose 
z = ae aS Ga 
= 3 = 
é s B08 
s E S- PRS es 
= Es = 0.6 
ad ce = 
B w i=] 
5 2 04 
S 
=< INVERTER CONFIGURATION 
0.2 Coyr= t00xF TANTALUM 
fose = 25kHZ 
Bee ee ee el ee es Ee Ee 


0 
0 10 20 30 40 50 60 70 80 90 100 
Cyy (uF) 


0 5 10 16 
INPUT VOLTAGE (V) 


Output Voltage Loss 


INVERTER CONFIGURATION 
Cyy=100uF TANTALUM 
= 100pF TANTALUM 


VOLTAGE LOSS (V) 
VOLTAGE LOSS (V) 


OSCILLATOR FREQUENCY (kHz) 


LT1054 


ee 
TYPICAL PERFORMANCE CHARACTERISTICS 


Reference Voltage Temperature 
Coefficient 


Regulated Output Voltage 


OUTPUT VOLTAGE (V) 


50-25. 0.25807 
; TEMPERATURE (°C) 


a NN ee 


100 125 


APPLICATIONS INFORMATION 
Theory of Operation 


To understand the theory of operation of the LT1054, a 
review of a basic switched capacitor building block is 
helpful. 


In Figure 1, when the switch is in the left position, capaci- 
tor C1 will charge to voltage V1. The total charge on C1 will 
be q1=C1V1. The switch then moves to the right, dis- 
charging C1 to voltage V2. After this discharge time, the 
charge on C1 is q2=C1V2. Note that charge has been 
transferred from the source, V1, to the output, V2. The 
amount of charge transferred is: 


Aq=qi-q2=Ci(V1-V2). 
If the switch is cycled f times per second, the charge 
transfer per unit time (i.¢., current) is: 

1=fx dq=fx Ct(V1-V2). 


To obtain an equivalent resistance for the switched- 
capacitor network we can rewrite this equation in terms of 
voltage and impedance equivalence: 


\-V1-V2_Vi-v2 
(1/fC1)  Requiv 


“4 V2 
1 
RL 


Figure 1. Switched Capacitor Building Block 


5-26 


REFERENCE VOLTAGE CHANGE (mV) 


0 2 50 75 100 125 
TEMPERATURE (°C) 


A new variable, Requiy, is defined such that Requy = 1/fC1. 
Thus, the equivalent circuit for the switched capacitor net- 
work is as shown in Figure 2. The LT1054 has the same 
Switching action as the basic switched capacitor building 
block. Even though this simplification doesn’t include fi- 
nite switch on-resistance and output voltage ripple, it pro- 
vides an intuitive feel for how the device works. 


These simplified circuits explain voltage loss as a func- 
tion of frequency (see typical curve). As frequency is 
decreased, the output impedance will eventually be domi- 
nated by the 1/fC1 term and voltage losses will rise. 


Note that losses also rise as frequency increases. This is 
caused by internal switching losses which occur due to 
some finite charge being lost on each switching cycle. 
This charge loss per-unit-cycle, when multiplied by the 
switching frequency, becomes a current loss. At high fre- 
quency this loss becomes significant and voltage losses 
again rise. 


The oscillator of the LT1054 is designed to run in the fre- 
quency band where voltage losses are at a minimum. 


Reauty 


Reouw= 47 


Figure 2. Switched Capacitor Equivalent Circuit 
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APPLICATIONS INFORMATION 


Pin Functions 


v+ (Pin 8); Input supply pin. The LT1054 alternately 
charges Cjy to the input voltage when Cjy is switched in 
parallel with the input supply, and then transfers charge to 
Cour when Cin is switched in parallel with Cour. Switching 
occurs at the oscillator frequency. During the time that Cin 
is charging, the peak supply current will be approximately 
equal to 2.2 times the output current. During the time that 
Cin is delivering charge to Cour the supply current drops 
to approximately 0.2 times the output current. An input 
supply bypass capacitor will supply part of the peak input 
current drawn by the LT1054, and average out the current 
drawn from the supply. A minimum input supply bypass 
capacitor of 2uF, preferably tantalum or some other low 
ESR type is recommended. A larger capacitor may be de- 
sirable in some cases, for example when the actual input 
supply is connected to the LT1054 through long leads, or 
when the pulse currents drawn by the LT1054 might affect 
other circuitry through supply coupling. 


Vout (Pin 5): In addition to being the output pin, the pin is 
also tied to the substrate of the device. Special care must 
be taken in LT1054 circuits to avoid pulling this pin posi- 
tive with respect to any of the other pins. Pulling Pin 5 
positive with respect to Pin 3 (GND) will forward bias the 
substrate diode which will prevent the device from start- 
ing. This condition can occur when the output load driven 
by the LT1054 is referred to its positive supply, (or to some 
other positive voltage). Note that most op amps present 
just such a load, since their supply currents flow from 
their V+ terminals to their V~ terminals. To prevent start- 
up problems with this type of load, an external transistor 
must be added as shown in Figure 3. This will prevent Vout 


(Pin 5) from being pulled above the ground pin (Pin 3) dur- 
ing start-up. Any small, general purpose transistor such as 
9N2222 or 2N2219 can be used. Ry should be chosen to 
provide enough base drive to the external transistor so 
that it is saturated under nominal output voltage and maxi- 
mum output current conditions. In some cases an N-chan- 
nel enhancement mode MOSFet can be used in place of 
the transistor. 


Ry< our!) 8 
lout 


Vrer (Pin 6): Reference output pin. This pin provides a 2.5V 
reference point for use in LT1054 based regulator circuits. 
The temperature coefficient of the reference voltage has 
been adjusted so that the temperature coefficient of the 
regulated output voltage is close to zero. This requires the 
reference output to have a positive temperature coeffi- 
cient as can be seen in the typical performance curves. 
This non-zero drift is necessary to offset a drift term inher- 
ent in the internal reference divider and comparator net: 
work tied to the feedback pin. The overall result of these 
drift terms is a regulated output which has a slight posi- 
tive temperature coefficient at output voltages below 5V 
and a slight negative TC at output voltages above SV. Ref- 
erence output current should be limited, for regulator feed- 
back networks, to approximately 604A. The reference pin 
will draw ~100xA when shorted to ground, and will not af- 
fect the internal reference/regulator, so that this pin can 
also be used as a pull-up for LT1054 circuits that require 
synchronization. 


CAP+ICAP™ (Pin 2iPin 4): Pin 2, the positive side of the in- 
put capacitor (Cin) is alternately driven between V* and 
ground. When driven to V+, Pin 2 sources current from 
V+. When driven to ground, Pin 2 sinks current to ground. 
Pin 4, the negative side of the input capacitor is driven al- 
ternately between ground and Vout. When driven to 
ground, Pin 4 sinks current to ground. When driven to 
Vout, Pin 4 sources current from Court. In all cases current 
flow in the switches is unidirectional, as should be ex: 
pected using bipolar switches. 
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APPLICATIONS INFORMATION 


OSC (Pin 7): Oscillator pin. This pin can be used to raise or 
lower the oscillator frequency, or to synchronize the de- 
vice to an external clock. Internally, Pin 7 is connected to 
the oscillator timing capacitor (C;~150pF) which is al- 
ternately charged and discharged by current sources of 
+7,A, so that the duty cycle is ~50%. The LT1054 oscilla- 
tor is designed to run in the frequency band where 
switching losses are minimized. However, the frequency 
can be raised, lowered or synchronized to an external sys- 
tem clock if necessary. 


The frequency can be lowered by adding an external 
capacitor (C1 Figure 4) from Pin 7 to ground. This will in- 
crease the charge and discharge times, which lowers the 
oscillator frequency. The frequency can be increased by 
adding an external capacitor (C2 Figure 4, in the range of 
SpF-20pF) from Pin 2 to Pin 7. This capacitor will couple 
charge into C; at the switch transitions, which will shorten 
the charge and discharge time, raising the oscillator fre- 
quency. Synchronization can be accomplished by adding 
an external resistive pull-up from Pin 7 to the reference pin 
(Pin 6). A 20k pull-up is recommended. An open collector 
gate or an NPN transistor can then be used to drive the os- 
cillator pin at the external clock frequency as shown in 
Figure 4. Pulling up Pin 7 to an external voltage is not rec- 
ommended. For circuits that require both frequency syn- 
chronization and regulation, an external reference can be 
used as the reference point for the top of the R1/R2 divider 
allowing Pin 6 to be used as a pull-up point for Pin 7. 


Feedback/Shutdown (Pin 1): This pin has two functions. 
Pulling Pin 1 below the shutdown threshold (~0.45V) puts 
the device into shutdown. In shutdown, the reference/ 
regulator is turned off and switching stops. The switches 
are set such that both Cjy and Coy7 are discharged 
through the output load. Quiescent current in shutdown 
drops to approximately 100uA (see typical curves). Any 
open-collector gate can be used to put the LT1054 into 
shutdown. For normal (unregulated) operation the device 
will start back up when the external gate is shut off. In 
LT1054 circuits that use the regulation feature, the ex- 
ternal resistor divider can provide enough pull-down to 
keep the device in shutdown until the output capacitor 
(Cour) has fully discharged. For most applications where 
the LT1054 would be run intermittently, this does not pre- 
sent a problem because the discharge time of the output 
capacitor will be short compared to the off time of the de- 
vice. In applications where the device has to start-up be- 
fore the output capacitor (Cour) has fully discharged, a 
restart pulse must be applied to Pin 1 of the LT1054. Using 
the circuit of Figure 5, the restart signal can be either a 
pulse (tp > 100,s) or a logic high. Diode coupling the restart 
signal into Pin 1 will allow the output voltage to come up 
and regulate without overshoot. The resistor divider R3/R4 
in Figure 5 should be chosen to provide a signal level at 
Pin 1 of 0.7V-1.1V. 


Pin 1 Is also the inverting input of the LT1054’s error am- 
plifier, and as such can be used to obtain a regulated out- 
put voltage. 


Regulation 


The error amplifier of the LT1054 servoes the drive to the 
PNP switch to control the voltage across the input capaci- 
tor (Cjy), which in turn will determine the output voltage. 
Using the reference and error amplifier of the LT1054, an 
external resistive divider is all that is needed to set the 
regulated output voltage. Figure § shows the basic regula- 
tor configuration and the formula for calculating the ap- 
propriate resistor values, R2 should be chosen to be 20k0 
of greater because the reference output current is limited 
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RESTART | SHUTDOWN 


nz _ (lout! 
Ri 


WHERE V pep =2.5V NOMINAL 


FOR EXAMPLE: TO GET Voyr= ~5V 


Wout! 
Vrer +t\ = (Foyy +) REFERRED TO THE GROUND PIN OF C1 
Sly THE 111054. CHOOSE R1 =20k, THEN 


| -svl 
<= SV 41) = 102.6k" 
2.8 — omy 


R2 = 20k ( 


100pF 
* TANTALUM 


*CHOOSE THE CLOSEST 1% VALUE 


Figure 5 


to ~ 100A. R1 should be chosen to be in the range of 100k 
to 300k. Frequency compensation is accomplished by 
adjusting the ratio of Cin/Cour. For best results, this ratio 
should be ~1/10. C1, required for good load regulation at 
light load currents, should be 0,002uF for all output 
voltages. 


It can be seen from the circuit block diagram that the 
maximum regulated output voltage is limited by the sup- 
ply voltage. For the basic configuration, | Vour| referred to 
the ground pin of the LT1054 must be less than the total of 
the supply voltage minus the voltage loss due to the 
switches. The voltage loss versus output current due to 
the switches can be found in the typical performance 
curves. Other configurations such as the negative doubler 
can provide higher output voltages at reduced output cur- 
rents (see typical applications). 


Capacitor Selection 


While the exact values of Ciy and Court are non-critical, 
good quality, low ESR capacitors such as solid tantalum 
are necessary to minimize voltage losses at high currents. 
For Cin the effect of the ESR of the capacitor will be multi- 
plied by four, due to the fact that switch currents are ap- 
proximately two times higher than output current, and 
losses will occur on both the charge and discharge cycle. 
This means that using a capacitor with 10 of ESR for Cin 
will have the same effect as increasing the output 


impedance of the LT1054 by 40. This represents a signif- 
icant increase in the voltage losses. For Cour the affect of 
ESR is less dramatic. Cour is alternately charged and dis- 
charged at a current approximately equal to the output 
current, and the ESR of the capacitor will cause a step 
function to occur, in the output ripple, at the switch transi- 
tions. This step function will degrade the output regula- 
tion for changes in output load current, and should be 
avoided. Realizing that large value tantalum capacitors 
can be expensive, a technique that can be used is to paral- 
lel a smaller tantalum capacitor with a large aluminum 
electrolytic capacitor to gain both low ESR and reason- 
able cost. Where physical size is a concern some of the 
newer chip type surface mount tantalum capacitors can 
be used. These capacitors are normally rated at working 
voltages in the 10V-20V range and exhibit very low E.S.R., 
(in the range of 0.10). 


Output Ripple 


The peak-to-peak output ripple is determined by the value 
of the output capacitor and the output current. Peak-to- 
peak output ripple may be approximated by the formula: 


__lour 
2tCout 


where dV = p-p ripple 
f=oscillator frequency 


i 


Josue 
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APPLICATIONS INFORMATION 


For output capacitors with significant ESR, a second term 
must be added to account for the voltage step at the 
switch transitions. This step is, approximately equal to: 


(2lour)(ESR of Cour) 
Power Dissipation 


The power dissipation of any LT1054 circuit must be lim- 
ited such that the junction temperature of the device does 
not exceed the maximum junction temperature ratings. 
The total power dissipation must be calculated from two 
components, the power loss due to voltage drops in the 
switches, and the power loss due to drive current losses. 
The total power dissipated by the LT1054 can be calcu- 
lated from: 


P=(Vin— | Vour|) (lout) + (Vin) (lour) (0.2) 


where both Vin and Vour are referred to the ground pin 
(Pin 3) of the LT1054. For LT1054 regulator circuits, the 
power dissipation will be equivalent to that of a linear 
regulator. Due to the limited power handling capability of 
the LT1054 packages, the user will have to limit output cur- 
rent requirements or take steps to dissipate some power 
external to the LT1054 for iarge input/output differentials. 
This can be accomplished by placing a resistor in series 
with Cijy as shown in Figure 6. A portion of the input volt- 
age will then be dropped across this resistor, without af- 
fecting the output regulation. Because switch current is 
approximately 2.2 times the output current, and the resis- 
tor will cause a voltage drop when Cin is both charging 
and discharging, the resistor should be chosen as: 


Ry = Vyi{4.4 lout) 
where 
Vx = Vin - [(LT1054 voltage loss) (1.3) + | Vout |] 


and lout = maximum required output current. The factor of 
1.3 will allow some operating margin for the LT1054. 


For example: assume a + 12V to -5V converter at 100mA 
output current. First calculate the power dissipation with- 
out an external resistor: 


P=(12V ~ | — 5V|) (100mA) + (12V) (100mA) (0.2) 
P= 700mW + 240mW = 940mW 


Figure 6 


At Ja of 130°C/W for a commercial plastic device this 
would cause a junction temperature rise of 122°C, so that 
the device would exceed the maximum junction tempera- 
ture at an ambient temperature of 25°C. Now calculate the 
power dissipation with an external-resistor (Rx). First find 
how much voltage can be dropped across Ry. The maxi- 
mum voltage loss of the LT1054 in the standard regulator 
configuration at 100mA output current is 1.6V, so 


Vy = 12V —[(1.6V) (1.3) + | -5V|]=4.9V and 
Ry =4,9Vi(4.4) (100mA) = 119. 


This resistor will reduce the power dissipated by the LT1054 
by (4.9V) (100mA)=490mW. The total power dissipated by 
the LT1054 would then be =(940mW —490mW) = 450mW. 
The junction temperature rise would now be only 58°C. 
Although commercial devices are guaranteed to be func- 
tional up to a junction temperature of 125°C, the specifica- 
tions are only guaranteed up to a junction temperature of 
100°C, so ideally you should limit the junction tempera- 
ture to 100°C. For the above example this would mean 
limiting the ambient temperature to 42°C. Other steps can 
be taken, however, to allow higher ambient temperatures. 
The thermal resistance numbers for the LT1054 packages 
represent worst-case numbers with no heat-sinking and 
still air. Small clip-on type heat sinks can be used to lower 
the thermal resistance of the LT1054 package. In some 
systems there may be some available airflow which will 
help to lower the thermal resistance. Wide PC board 
traces from the LT1054 leads can also help to remove heat 
from the device. This is especially true for plastic 
packages. 
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TYPICAL APPLICATIONS 


Basic Voltage Inverter 


Basic Voltage Inverter/Regulator 


Vin 
2uF 


100pF 


—Vout 
100pF 


R2 (Vout! — { Your! REFER TO 
Ri ( Veer _ 1) a ( 1.21V w FIGURE 5 
2 


Positive Doubler 
VIN 
3.5V TO 15V 
1N4001 1N4001 
+ 
Vout uF 
100pF 
vi 3.5V TO —15V . ft 
In= —3. = 
Vin =3.5V TO 15V 
VoyT= 2Vin +(LT1054 VOLTAGE LOSS) + ‘Qy SATURATION VOLTAGE IN 
OUT 1+40x ) Vout = 2Vin— (V+ 2V pone) 
*SEE FIGURE 3 Vi, =LT1054 VOLTAGE LOSS 
400mA Regulating Negative Doubler § 
| 


IN 
3.5V TO 15V 


HP5082-2810 


PIN2 
171054 #1 


1N4002 


1N4002 Tr 


—Vout 
lor = 100mA MAX 


1N4002 


Viy=3.5 10 15V 
Vout MAX = — 2Vin-+[1054 VOLTAGE LOSS.+2 (Voione)) 


= = pe _ f_Wourl 4 \ = /Wourl_ 3) [REFER T0 
Rt (Vier q2iv |’ [FIGURE 5 
2 
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TYPICAL APPLICATIONS 


Dual Output Voltage Doubler 


Vin 
3.5V TO 15V 


Vin=3.5V TO 15V 
+Vout = 2Vin—(VL+2V pone) 
—Vout* —2Vin+(Vi+2Vpiope) 

V_=LT1054 VOLTAGE LOSS 


10 
Pt = 1N4001 . 


+5Vto + 12V Converter 


TO PIN 4 


LT1054 #1 
10pF 


2N2219 


Vout —12V 
{oyT=25mA 


= = = E 


5V 


INPUT TTL OR CMOS 
LOW FOR ON 


0,022 


A=125 
2N2222 FOR 0-3V OUT 

FROM FULL-SCALE BRIOGE 
OUTPUT OF 24mV 

10pF 
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TYPICAL APPLICATIONS 


3.5V to 5V Regulator 


Vin 
3.5V TD 5.5V 


Vw=3.5V TO 5.5¥ 
Vour=5¥ 


lout MAX =50mA 


10n 
1/2W 


= wp _ Wour! — { lout! REFER TO 
Ri “(fe )= Caw i) FIGURE 5 
2 
15V 


DIGITAL 
INPUT 


10pF 
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TYPICAL APPLICATIONS 


Positive Doubler with Regulation 
(+5V to +8V Converter) 


Negative Doubler with Regulator 


1N5817 
(2) 


Vin 
3.5V TO 15V 


1N4001 


1N4001 
Vin =3.5V TO 15V = 100uF 
Vout MAX = — 2Vin + (Vi +2Vpiap€) 
V =LT1054 VOLTAGE LOSS = 
0.1 2 =(3 Mourl 4 \ = Mout! - je 4 
I “EE —40mv . IGURE 5 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


H Package Metal Can 


9.335 — 0.370 
(8.509 — 9.398) 
DIA 


0.305~0.395 
(7-747 8.509) *| 
0.040 


(i076) | 30600 7 
MAX lhe 0.165—0.185 


9.200 -0.230 


t z (4781 —4.699} ae 588) 
{ REFERENCE 
SEATING 
PLANE jf 4— — BE 9.500.750 
0.010 ~0.045 fl a iti ie 19.05) 
(0.254= 1.143} 
oll Bae La 0.110-0.160 hens 
Tye Tievax GINA 
150°C one ecu INSULATING NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN 
STANDOFF THE REFERENCE PLANE AND SEATING PLANE. ares 
J8 Package Cerdip aes 

0,290-0.320 os 
(7.37=8.13) 0.405, 


9.015 0.060 
(0-381— 1,524} 


MIN a 
0.200 (10.287) 
(5.080) 0.025 
“ 0635) WIE] Ge 


0.220~0.310 
0.008 —0.018 aes 0.014 0.026 | (5.588 — 7.874) 
Pio 2030-460) e215 (0360-0660) oll oie 5 
MIN 
0,385 + 0.025 nae | 0.100 + 0.010. 
(9.779 + 0.635) | (0 (0965-1727) 727) (2.540 0.254) 540 + 0.254) 0.055 
(1.397) 
MAX 16188 
150° 
N8 Package Molded DIP 
0.400 
(10.160) 
0,300—0.320 MAX 0.045 —0.065 0.130 40.005 
(7.620 8.128) ” iad 1.651) (3.3024 0.127) 


0.020 


0.065 — 
(0.508) 
j a in 


0.250+0.010 
0.425 
(8.175) 
MIN 


{6.350 + 0.254) 
0.045 + 0.015 


(1145-20387) 


0.100 0.015 al 0.078 £0,003 
(75404 0.254) (0.457 + 0.076) e188 


8.003 ~ 0.015 
(0.229 - 0.381) 


0.325 


20.015 
+0.635 
8.255 * =| 
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TECHNOLOGY — Switched Capacitor Voltage 
Converter with Regulator 


FEATURES DESCRIPTION 
® 100mA Output Current The £71054 is a monolithic, bipolar, switched capacitor 
m LowLoss—1.1V at 100mA voltage converter and regulator. The LT1054 provides 
= Operating Range 3.5V to 15V higher output current than previously available converters 
= Reference and Error Amplifier for Regulation with significantly lower voltage losses. An adaptive switch 
= External Shutdown drive scheme optimizes efficiency over a wide range of 
= External Oscillator Sync output currents. Total voltage loss at 100mA output cur- 
= Can be Paralleled rent is typically 1.1V. This holds true over the full supply 
voltage range of 3.5V to 15V. Quiescent current is typically 
2.5mA. 
APPLICATIONS The LT1054 also provides regulation gefeature not previ- 
= Voltage Inverter ously available in switche rawmtage converters. 
= Negative Voltage Doubler By adding an pay ider, a regulated output 
= Voltage Regulator can be yet’) tput wil ulated against 
# Positive Voltage Doubler ‘ae input vol ut current. The 
ih, can also grounding the feedback 


per my OM down is less than 100zA. 
i 


40 a | 9) i oscillator of the LT1054 runs at a nominal fre- 
ED ency of 25kHz. The oscillator pin can be used to adjust 


evis the switching frequency, or to externally synchronize the 


LT1054. 


BLOCK DI AM 


VREF 


Voltage Loss 


3.5V sViy 18 
Cin=Coyr=100nF 


FEEDBACK/ 
SHUTDOWN 


VOLTAGE LOSS (V) 


a 
0 10 20 30 40 50 60 70 80 90 100 
OUTPUT CURRENT (mA) 


*EXTERNAL CAPACITORS 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Note 1) .........ccccceccecceseeee ees 16V 
Input Voltage (Pin 3).............cceeeseee OV<VpingsVt 
input Voltage (Pin 13)... OV <Vpwi3<VREF 
Operating Temperature Range 

OSA es canes dave wa doviawuminiacenseO C10 10°° 


LT10541.. os .esceeceseeeseeseaereesees 40°C 10 85°C 


Junction Temperature (Note 2)., dveseetinevinns dec 1200 
Storage Temperature Range............. ~65°C to 150°C 
Lead Temperature (Soldering, 10sec.).............. 300°C 


PACKAGE/ORDER INFORMATION 


ORDER PART 
NUMBER 


TOP VIEW 


LT1054CS 
LT10541S 


PART MARKING 


LT1054CS 
LT10541S 


S PACKAGE 
16 LEAD PLASTIC SOL 


ELECTRICAL CHARACTERISTICS 


PARAMETER CONDITIONS MIN TYP MAX UNITS 
Supply Current | ILoan = OMA 
Vin =3.5V e 25 3.5 mA 
Vin = 15V e 3.0 45 mA 
Supply Voltage Range | e 35 15 | V 
Voltage Loss (Viy — |Vour|) i Ciy = Coyt = 100pF Tantalum 
{Note 3) 
lour= 10mA 0.35 0.55 V 
| lout = 100MA i 1.10 1.60 { V 
Output Resistance Aloyt = 10mA to 100mA 
(Note 4) e 10 15 | Q 
Oscillator Frequency iz 3.5V < Vin < 15V e 15 25 35 kHz 
5 
Reference Voltage ter = 60pA “| 
Tac 2.35 2.50 2.65 v 
L e 2,25 2.75 V 
Regulated Voltage Viy=7V, T)= 25°C 
5 (Note 5) -4:70 — 5.00 - 5.20 Vv 
Line Regulation 7VsViys12V e 5 25 mv 
(Note 5) | 
Load Regulation 1 Vin=7V 
1000<R, <5000 
(Note 5) 
Maximum Switch Current 
Supply Current In Shutdown 


The @ denotes specifications which apply over the full operating tempera- 
ture range. For C grade parts these specifications also apply up to ajunc- 
tion temperature of 100°C. 

Note 1: The absolute maximum supply voltage rating of 16V is for unregu- 
lated circuits. For regulation mode circuits with Voyr < 15V at Pin 11, this 
rating may be increased to 20V. 

Note 2: The devices are guaranteed by design to be functional up to the 
absolute maximum junction temperature. 


Note 3: For voltage loss tests, the device is connected as a voltage 
inverter, with Pins 3, 12, and 13 unconnected. The voltage losses may be 
higher in other configurations. 

Note 4: Output resistance is defined as the slope of the curve, (AVgyr vs 
Alouy), for output currents of 10 to 100 mA. This represents the linear por- 
tion of the curve. The incremental slope of the curve will be higher at cur- 
rents <10mA due to the characteristics of the switch transistors. 

Note 5: All regulation specifications are for a device connected as a posi- 
tive to negative converter/regulator with Ri = 20k, R2= 102.5k, C1 = 0.05yF, 
Cyy = 104F tantalum, Cour = 100uF tantalum. 
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FEATURES 


= Wide Input Voltage Range 3V-60V 

= Low Quiescent Current—6mA 

@ Internal 5A Switch (2.54 for LT1071) 

= Very Few External Parts Required 

® Self-Protected Against Overloads 

= Operates in Nearly All Switching Topologies 

= Shutdown Mode Draws Only 50zA Supply Current 

= Flyback-Regulated Mode has Fully Floating Outputs 
= Comes in Standard 5-Pin Packages 

= Can be Externally Synchronized (Consult Factory) 


APPLICATIONS 


= Logic Supply 5V @ 10A 

m= 5V Logic to + 15V Op Amp Supply 

® Offline Converter up to 200W 

= Battery Upconverter 

= Power Inverter(+ to -)or(— to +) 

® Fully Floating Multiple Outputs 

= For Lower Current Applications see LT1072 


USER NOTE: 

This data sheet Is only intended to provide specifications, graphs, and a general functional description of 
the LT1070/LT1071. Application circuits are included to show the capability of the LT1070/LT1071. A com 
plete design manual (AN-19) should be obtained to assist in developing new designs. This manual con- 
tains a comprehensive discussion of both the LT1070 and the external components used with it, as well as 
complate formulas for calculating the values of these components. The manual can also be used for the 
LT1071 by factoring in the lower switch current rating. A second application note, AN-25, which details 
offline applications is available. 


TYPICAL APPLICATION 


Boost Converter (5V to 12V) 


L2 OUTPUT 
10uH FILTER 


ue 
SV 150, 


R2 
1.24k 
1% 


*REQUIRED IF INPUT LEADS =2” 
**PULSE ENGINEERING 92113 - 


wee 


LT1070/LT1071 


5A and 2.5A High Efficiency 
Switching Regulators 


DESCRIPTION 


The LT1070 and LT1071 are monolithic high power switch- 
ing regulators. They can be operated in all standard 
switching configurations including buck, boost, flyback, 
forward, inverting and “Cuk”. A high current, high effi- 
ciency switch is included on the die along with all oscilla- 
tor, control, and protection circuitry. Integration of all 
functions allows the LT1070/LT1071 to be built in a stand- 
ard 5-pin TO-3 or TO-220 power package. This makes it ex- 
tremely easy to use and provides “bust proof” operation 
similar to that obtained with 3-pin linear regulators. 


The LT1070/LT1071 operates with supply voltages from 3V 
to 60V, and draws only 6mA quiescent current. It can de- 
liver load power up to 100 watts with no external power de- 
vices. By utilizing current-mode switching techniques, it 
provides excellent AC and DC load and line regulation. 


The LT1070/LT1071 has many unique features not found 
even on the vastly more difficult to use low power control 
chips presently available. It uses adaptive anti-sat switch 
drive to allow very wide ranging load currents with no loss 
in efficiency. An externally activated shutdown mode re- 
duces total supply current to 50xA typical for standby 
operation. Totally isolated and regulated outputs can be 
generated by using the optional “flyback regulation 
mode” built into the LT1070/LT1071, without the need for 
opto-couplers or extra transformer windings. 


Maximum Output Power* 


0 10 20 30 40 50 


INPUT VOLTAGE (V} 
*ROUGH GUIDE ONLY. BUCK MODE 
Por =5A x Vout. SPECIAL TOPOLOGIES 
DELIVER MORE POWER. 
DIVIDE VERTICAL POWER SCALE 
BY 2 FOR 111071 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 

LT1070/71HV (See Note 1)............ccceceeeeeeee 60V 

LT1070/71 (See Note 1)...........ccccececeeeeeees 40V 
Switch Output Voltage 

LTIOZOIZTHV oo. ccce cc ec ea eee een eeeneeseenees 75V 

LDNOFORE «ties ces vanetietavinunch daucitvactvoadas 65V 
Feedback Pin Voltage (Transient, 1ms)............. + 16V 
Operating Junction Temperature Range 

LT1070/71HVM, LT1070/71M........ ~55°C to + 150°C 


LT1070/71HVC, LT1070/71C (Oper.)..... 0°C to + 100°C 
LT1070/71HVC, LT1070/71C (Sh. Ckt.)...0°C to + 125°C 
Storage Temperature Range.......... — 65°C to + 150°C 
Lead Temperature (Soldering, 10sec)............. 300°C 


Note t: Minimum switch “on” time for the LT1070/LT1071 in current limit is 
= 1.0ysec. This limits the maximum input voltage during short circuit 
conditions, in the buck and inverting modes only, to = 35V. Normal 
{unshorted) conditions are not affected. Mask changes are being imple- 
mented which will reduce minimum “on" time to < 1zsec, increasing 
maximum short circuit input voltage above 40V. If the present LT1070/ 
LT1071 (contact factory for package date code) is being operated in the 
buck or inverting mode at high input voltages and short circuit conditions 
are expected, a resistor must be placed in series with the inductor, as 
follows: 


ELECTRICAL CHARACTERISTICS 


PACKAGE/ORDER INFORMATION 
ORDER PART NUMBER 


BOTTOM VIEW 


LT1070/LT1071HVMK 
LT1070/LT1071MK 
LT1070/LT1071HVCK 
LT1070/LT1071CK 


LT1070/LT1071HVCT 
LT1070/LT1071CT 


5 LEAD 10-220 


The value of the resistor is given by: 

R= tefeVn-Vi -R, 

Kuan 

t= Minimum “on” time of LT1070/LT1071 in current limit, ~ 1ps 
f = Operating frequency (40kHz) 
Vi= Forward voltage of external catch diode at Iwi 
Kumim = Current limit of LT1070 (~8A), LT1071 (= 4A) 
R, = internal series resistance of inductor 


Unless otherwise specified, Viy = 15V, Vc = 0.5V, Veg = Vref, output pin open. 


pee eerie Pte 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX = UNITS 
Veer Reference Voltage Measured at Feedback Pin 1 1.224 1.244 1.264 V 
e 1.214 1.244 1.274 
ip | Feedback input Current Nea Vee T 360. +750. | mA 
e 1100 
gm Error Amplifier Alg= £25pA =T r 3000 «= 4400-=—S«G000 zt »mho 
Transconductance e 2400 7000 I 
Error Amplifier Source or Vo=1.5V 150 200 360 pA 
| Sink Current +° |___ 120 400 nA 
Error Amplifier Clamp Hi Clamp, Veg = 1V 1.8 23 v 
Voitage Lo Clamp, Veg = 1.5V 0.25 0.38 0.52 v 
Reference Voltage Line 3V.<Vins Vax e 0.03 %N 
Regulation 
Ay Error Amplifier Voltage O.7V<Vosi.4V 500 800 2000 VN 
Gain 
Minimum input Voltage e[ 26 30. V 
Ig Supply Current 3V<Vi<VwaxVo=08V. | 6 9 | mA 
Control Pin Threshold ii Duty Cycle =0 0.8 09 1.08 Vv 
¥ ° 06 1.25 
NormaliFlyback Threshold ~T | oa 045 0.54 V 
on Feedback Pin to 
Vee Flyback Reference Voltage Trp = 50,A a oe ee 163. ~~«178 V 
e 14 18 
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ELECTRICAL CHARACTERISTICS 


Unless otherwise specified, Vin = 15V, Vc =0.5V, Vep = Vrer, output pin open. 


SYMBOL PARAMETER es CONDITIONS MIN TYP MAX UNITS 
Veg Change in Flyback 0.05<IpgsimA fp 45 6B BS v 
Reference Voltage _| 
Flyback Reference Voltage leg = 50pA sp: 0.01 0.03 %N 
Line Regulation Sih. 3VsVinsVuax 
Flyback Amplifier Alc= + 10pA 150 300 500 zmho 
Transconductance (gm) 
Flyback Amplifier Source Vc=1.5V Source e 15 32 70 nA 
and Sink Current Irp=50nA Sink e 25 40 70 pA 
BV Output Switch Breakdown 3V<Vin< Vmax LT1070/LT1071 e 65 90 V 
Voltage | tgy=5mA LTMO70HVILTIO71HV | @ | 75 9 Vv 
Vsat Output Switch (Note 1) LT1070 e 0.15 0.24 0 
“On” Resistance 11071 e 0.3 05 Q 
Control Voltage to Switch r LT1070 oe el 8 wv 
Current Transconductance T1071 = 
low Switch Current Limit (LT1070) Duty Cycle <50% Tj225°C e 5 10 A 
Duty Cycle<50% Tj < 25°C e 5 an} A 
is Duty Cycle = 80% (Note 2) e| 4 oe one 
lu Switch Current Limit (LT1071) Ir: Duty Cycle <50% Tj226°C e 25 5 A 
Duty Cycle <50% T}<25°C e 25 55 A 
Duty Cycle = 80% (Note 2) e 2 5 | A 
Aly Supply Current Increase rs) 
Algw During Switch On-Time 
ie | a- 
f Switching Frequency 35 40 
DC (max) Maximum Switch Duty Cycle 90 92 
Flyback Sense Delay Time 15 
Shutdown Mode 3V<Vins Vmax 100 
Supply Current Vp =0.05V i 
pan been rr 
Shutdown Mode T 3VeVsVuax 1002 «150—s—t«i«8O mV 
Threshold Voltage e 50 300 mV 


The @ denotes the specifications which apply over the full operating 


temperature range. 


Note 1: Measured with Vg in hi clamp, Veg = 0.8V. Igw = 4A for LT1070 and 


2A for LT1071. 


TYPICAL PERFORMANCE CHARACTERISTICS 


SWITCH CURRENT (A) 


0 
0 10 


Switch Current Limit vs Duty Cycle 


FOR LT1071, DIVIDE 
VERTICAL SCALE BY 2 


20 
DUTY CYCLE (%) 


ATE 


30 40 50 60 70 80 90 100 


Note 2: For duty cycles (DC) between 50% and 80%, minimum guaranteed 


switch current is given by |; nq = 3.33 (2 - DC) for the LT1070 and |. jy = 1.67 


Maximum Duty Cycle 


(2- DC) for the LT1071. 


DUTY CYCLE (%) 


90 


—75 —50-25 0 


25 50 75 100 125 150 


JUNCTION TEMPERATURE (°C) 


TIME (ns) 


1.0 


—75 -50-25 0 


Flyback Blanking Time 


25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


MINIMUM INPUT VOLTAGE (V) 


REFERENCE VOLTAGE CHANGE (mV) 


DRIVER CURRENT (mA) 


Minimum Input Voltage 


2.4 


2.3 
~75-50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


Line Regulation 


i oJ 
wo nm 


0 10 20 30 40 


INPUT VOLTAGE (V) 


Driver Current* vs Switch Current 


0 1 2 3 4 5 
SWITCH CURRENT (A) 


“AVERAGE LT1070 POWER SUPPLY CURRENT JS 
FOUND BY MULTIPLYING DRIVER CURRENT BY 
DUTY CYCLE, THEN ADDING QUIESCENT 
CURRENT. 


SWITCH SATURATION VOLTAGE (V) 


REFERENCE VOLTAGE (V) 


1.234 


INPUT CURRENT (mA) 


Switch Saturation Voltage 


0 Ast 2 3.4 ~=«5 6 7 
SWITCH CURRENT (A}* 
“DIVIDE CURRENT BY 2 FOR LT1071 


Reference Voltage vs Temperature 


~75 —50 ~25 0 
TEMPERATURE (°C) 


Supply Current vs Input Voltage* 


T)=25°C 
: 90% DUTY CYCLE 


\gwitcH = 10mA 


a a ee 
|__ §0% DUTY CYCLE eet" 


an 


Cann} 
Vy, 
fom OUT CLE 


20 30 40 
INPUT VOLTAGE (V) 
“UNDER VERY LOW OUTPUT CURRENT 


CONDITIONS, DUTY CYCLE FOR MOST 
CIRCUITS WILL APPROACH 10% OR LESS. 


wo 
a 


w 
cH 
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25 50 75 100 125 150 


(zHx) AONANOAYS 
FEEDBACK BIAS CURRENT (nA) 


FLYBACK VOLTAGE (V) 


SUPPLY CURRENT (nA) 


Isolated Mode Flyback Reference 
Voltage 


R FEEDBACK 
i" 
i, 
—75 -50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 
Feedback Bias Current vs 
Temperature 
800 
700 
600 
500 
400 
300 
200 
100 
0 
-~75-50~-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 
Supply Current vs Supply Voltage 
(Shutdown Mode) 
160 
140 
120 
100 
80 
60 
40 
20 
0 
0 10 20 30 4Q $0 60 
SUPPLY VOLTAGE (V) 
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LT1070/LT1071 


i 


TYPICAL PERFORMANCE CHARACTERISTICS 


NormaliFlyback Mode Threshold 


on Feedback Pin Shutdown Mode Supply Current Error Amplifier Transconductance 
500 TT —24 200 
490 + —22 180 
— 480 + + 20 5 160 
z fy 
~~ + ox oo = 
Pr 470 + + 18 g <q 140 
= 460 | reepBack PIN VOLTAGE -16% & 120 
[=] = 
= 450 (AT THRESHOLD) 142 © 10 
zL (= 
= 440 | pj | | | BS 0 
2 Se 
& 430 > -102 ZB 6 
wo e 
420 | FEEDBACK PIN CURRENT -8 = 40 
(AT THRESHOLD) 
A10 mt -6 20 
400 i ~4 0 
~50 -25 0 2 50 75 100 125 150 0 10 20 30 40 50 60 70 80 90 100 ~75-50~-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) Vc PIN VOLTAGE (mV) TEMPERATURE (°C) 
Idle Supply Current vs 
Shutdown Thresholds Temperature Feedback Pin Clamp Voltage 
400 — 400 ab} 
350 CURRENT (OUT OF V¢ PIN) —350 10 
_ 300 —300 
: é 
w 250 — 250 2 
oO 
S 200 200 g 
8 en 3 
Zz 
4 
Oo 
> 


FEEDBACK VOLTAGE (mV) 


100 


3 
IDLE SUPPLY CURRENT (mA) 


c VOLTAGE tS REDUCED UNTIL 


an wow FaADNn © O 


50 F REGULATOR CURRENT DROPS BELOW 300A. -| ~~ 
0 | Lt | 0 0 
-75 -50-25 0 2 50 75 100 125 150 -75-50-25 0 25 50 75 100 125 150 0 0.1 0.2 0.3 040506070809 1 
TEMPERATURE (°C) TEMPERATURE (°C) FEEDBACK CURRENT (mA) 
Transconductance of Error 
Switch “Off” Characteristics Ve Pin Characteristics Amplifier 
1000 + 7000 
900 + | 7 6000 
800 4 2s 
a. 5000 
0 = 
se t | Vsuppty = 55V = sane 
= 600 |}—;—t+—+ Vsuprty = 40V 5 8 % 
= 500 Vsupety = 15V |<} a = 3000 a 
3 Veupecy = 3V 3 3 tan 
B 400 \ A | z 2000 ~ 
3 300 © B 
ae a Yr aa = 1000 
400 0 
0 — 1000 
0 10 20 30 40 50 60 70 80 90 100 0 05 © 610 15 2.0 2.5 1k 10k 100k 1M 10M 
SWITCH VOLTAGE (V) Vc PIN VOLTAGE (V) FREQUENCY (Hz) 
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BLOCK DIAGRAM 


SWITCH 
16V OUT 


FLYBACK 
ERROR 
AMP 


+ 


CURRENT 0.022 
AMP (0.049 LT 1071) 


LT1070/LT1071 OPERATION 


The LT1070/LT1071 is a current mode switcher. This means 
that switch duty cycle is directly controlled by switch current 
rather than by output voltage. Referring to the block diagram, 
the switch is turned “on” at the start of each oscillator cycle. 
It is turned “off” when switch current reaches a predeter- 
mined level. Control of output voltage is obtained by using 
the output of a voltage sensing error amplifier to set current 
trip level. This technique has several advantages. First, it has 
immediate response to input voltage variations, unlike or- 
dinary switchers which have notoriously poor line transient 
response. Second, it reduces the 90° phase shift at midfre- 
quencies in the energy storage inductor. This greatly sim- 
plifies closed loop frequency compensation under widely 
varying input voltage or output load conditions. Finally, it 
allows simple pulse-by-pulse current limiting to provide maxi- 
mum switch protection under output overload or short condi- 


tions. A low-dropout internal regulator provides a 2.3V supply 
for all internal circuitry on the LT1070/LT1071. This low- 
dropout design allows input voltage to vary from 3V to 60V 
with virtually no change in device performance. A 40kHz os- 
cillator is the basic clock for all internal timing. It turns “on” 
the output switch via the logic and driver circuitry. Special 
adaptive anti-sat circuitry detects onset of saturation in the 
power switch and adjusts driver current instantaneously to 
limit switch saturation. This minimizes driver dissipation and 
provides very rapid turn-off of the switch. 


A 1.2V bandgap reference biases the positive input of the er- 
ror amplifier. The negative input is brought out for output 
voltage sensing. This feedback pin has a second function; 
when pulled low with an external resistor, it programs the 
LT1070/LT1071 to disconnect the main error amplifier output 
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LT1070/LT1071 OPERATION 


and connects the output of the flyback amplifier to the com- 
parator input. The LT1070/LT1071 will then regulate the value. 
of the flyback pulse with respect to the supply voltage. This 
flyback pulse is directly proportional to output voltage in the 
traditional transformer coupled flyback topology regulator. 
By regulating the amplitude of the flyback pulse, the output 
voltage can be regulated with no direct connection between 
input and output. The output is fully floating up to the break- 
down voltage of the transformer windings. Multiple floating 
outputs are easily obtained with additional windings. A spe- 
cial delay network inside the LT1070/LT1071 ignores the leak- 
age inductance spike at the leading edge of the flyback pulse 
to improve output regulation. 


LT1070/LT1071 


The error signal developed at the comparator inputis brought 
out externally. This pin (Vc) has four different functions. It is 
used for frequency compensation, current limit adjustment, 
soft starting, and total regulator shutdown. During normal 
regulator operation this pin sits at a voltage between 0.9V 
(low output current) and 2.0V (high output current). The error 
amplifiers are current output (gm) types, so this voltage can 
be externally clamped for adjusting current limit. Likewise, a 
capacitor coupled external clamp will provide soft start. 
Switch duty cycle goes to zero if the Vc pin is pulled to ground 
through a diode, placing the LT1070/LT1071 in an idle mode. 
Pulling the Vc pin below 0.15V causes total regulator shut- 
down, with only 50,A supply current for shutdown circuitry 
biasing. See AN-19 for full application details. 


TYPICAL APPLICATIONS (Note that maximum output curents are divided by 2 for LT1071.) 


Driving High Voltage FET 
(for Offline Applications, See AN-25) 


OPTIONAL r 


c3 
OUTPUT 
FILTER = 


us 
150nH 


OPTIONAL 
INPUT 
FILTER 


*REQUIRED IF INPUT LEADS = 2” 
**PULSE ENGINEERING 92113 


LT We 


Extemal Current Limit 


Extemal Current Limit 


NOTE THAT THE LT1070/LT1071 
GND PIN IS NO LONGER COMMON 
Rs TO Vin(—) 
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TYPICAL APPLICATIONS 


Totally Isolated Converter 


OPTIONAL 
OUTPUT FILTER 


ul 
15V_ 10H 


N=0.875=7:8 
FOR Voyr= 15V 


R2 


*REQUIRED IF INPUT LEADS = 2” 


7 SWITCH VOLTAGE 
IN 
0 ‘OFF 
Vout +V; (V;=DIODE FORWARD VOLTAGE) 
ov SEGONDARY VOLTAGE 
Nevin 
Flyback Converter 


CLAMP TURN-ON 
SPIKE 


L2 
10yH 


C4, 


200 uF" PRIMARY FLYBACK VOLTAGE = Your + Mt 
OPTIONAL'= LT1070/LT1071 SWITCH VOLTAGE 
FILTER AREA ‘‘a"’ = AREA ‘'b'’ TO MAINTAIN 


ZERO DC VOLTS ACROSS PRIMARY 


SECONDARY VOLTAGE 
AREA ‘'c'' = AREA ‘‘d"' TO MAINTAIN 
ZERO OC VOLTS ACROSS SECONDARY 


PRI 
0 
C0) 


py 
Lt 
leat 
\ \ SNUBBER DIODE CURRENT 
0 
‘ i = wad [geen 
REQUIRED IF INPUT LEADS = 2 t ue 


5A Fo gris” 


TYPICAL APPLICATIONS 


LT1070/LT1071 


Positive to Negative Buck-Boost Converter 


o3t 
44001 


Current Boosted Boost Converter 


*REQUIRED iF INPUT LEADS = 2° 
**PULSE ENGINEERING 92113 


+0 AVOID START-UP PROBLEMS 
FOR INPUT VOLTAGES BELOW 10V, 
CONNECT ANODE OF D3 TO Vin. 
AND REMOVE RS. C1 MAY BE 
REDUCED FOR LOWER OUTPUT 
CURRENTS. C1 ~(500,F)(lout) 
FOR SV OUTPUTS, REDUCE R3 
TO 1.5K, INCREASE C2 TO 0.34, 

AND REDUCE R6 TO 1000. 


TOTAL INDUCTANCE = 4mH 

u INTERLEAVE PRIMARY AND 

N=5 SECONDARY FOR LOW LEAKAGE 
=| {NOUCTANCE. 


AT 08 
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TYPICAL APPLICATIONS 


Negative Buck Converter 


INPUT 
FILTER 


“REQUIRED IF INPUT LEADS > 2” 
**PULSE ENGINEERING 92113 


Negative Current Boosted Buck Converter 


MINIMUM 
LOAD = 10mA 


— Vout 
5V@10A 


ai 
2N3906 


-Vin 


Positive Buck Converter 


2 
4pH 


C5 
OPTIONAL 200nF 
OUTPUT Tt 
FILTER 


5V, 4.54 


100mA 
MINIMUM 


“REQUIRED IF INPUT LEADS = 2” 
**PULSE ENGINEERING 92112 
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TYPICAL APPLICATIONS 


Negative Boost Regulator Driving High Voltage NPN 


C1 


“SETS tg (ON) 


*REQUIRED IF INPUT LEADS 2 2” 
**SETS |g (OFF) 


~Vour 


at — out! =1.6¥ 
200A 


u 
1 70,H Vout 
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LT1070/LT1071 
TYPICAL APPLICATIONS 


Positive Current Boosted Buck Converter 


"REQUIRED IF INPUT LEADS = 2” — 


PACKAGE DESCRIPTION pimensions in inches (millimeters) unless otherwise noted. 


TO-3 Type Metal Can (Steel) K Package TO-220 Type Plastic 
T Package 


9.760-0.775 
0.320—0.350 119.90 — 19.69) 
(8.128 8.890) 0.390 -0.410 
(9.906 — 10.41) 0.170 0.180 
0.100-—-0.120 (4.314.572) 
2 4 ct gros (2.540— 3.048) 0,045 ~0.055 


(14.48 15.49) (3.734 — 3.835) ~| (1,143 + 1,397) 


0.116 
(2.946) 
MAK 
0.420-0.480 0.038 -0.043 0.460 — 0.500 
10.67— 12.19) (9.965 —1.092 11.68 — 12.70) 
( nl i f ) 0.820 g. 710 
0.880-0.910 (15.75) (18.03) 
1.17—1.197 (22.38- 23.11} 
(28.90 30.40) 0.970— 1.050 
0.220-0.235, 0.355-0.370 (24.64-26.67) 
(5.588—5.969) (9.017 —9.998) 
0.152-0.162 
0.445 — 0.465 13.860— 4.114) 
(19.30—11.87) RIYP 
0.167—0.177_ igen | 9.090 
@ an ~~ ae 0.030 —0.040 0.013 ~0.025 {eae 
(0.762—1.016) (0.330 —0.635) oie eles 
<r (4.318 4,699) 
0.327 0.335, 
raves (8.306 —8.509) e108 


LT1070MK, LT1070HVMK 


TJMAX 81 RAEN 
LT1070CT, LT1070HVCT 100°C 2°CW 75°C 
LT1071CT, LT1071HVCT _{ 100°C 4°CW 75°C 
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LT1070CK, LT{070HVCK 
LT1071MK, LT1071HVMK 


LT1071CK, LTIO71HVCK 


LIN 


TECHNOLOGY 


FEATURES 


m Available in MiniDIP, TO-220, and TO-3 Packages 

# Wide Input Voltage Range 3V-60V 

= Low Quiescent Current—6mA 

™ Internal 1.25A Switch 

= Very Few External Parts Required 

= Self-Protected Against Overloads 

& Operates in Nearly All Switching Topologies 

= Shutdown Mode Draws Only 50zA Supply Current 

= Flyback-Regulated Mode has Fully Floating Outputs 
® Can be Externally Synchronized 


APPLICATIONS 


= Logic Supply 5V @ 2.5A 

= 5V Logic to + 15V Op Amp Supply 
= Offline Converter up to 50W 

= Battery Upconverter 

= Power Inverter(+ to -)or(-t 


USER NOTE: 


This data sheet is only ng OX. graphs, and a general functional description of 


the LT1072, Application circuits % included to show the capability of the LT1072. A complete design 
manual (AN-19) should be obtained to assist in developing new designs, This manual contains a compre 
hensive discussion of both the LT1070 and the extemal components used with it, as well as complete 
formulas for calculating the values of these components, The manual can also be used for the LT1072 by 
factoring in the lower switch current rating. 


TYPICAL APPLICATION 


Boost Converter (5V to 12V) 


*REQUIRED IF INPUT LEADS > 2” = 
™ PULSE ENGINEERING 52626 


LTH 


; arch Multipl = D p 


T1072 


1.25A High Efficiency 
Switching Regulator 


DESCRIPTION 


The LT1072 is a monolithic high power switching 
reguiator. It can be operated in all standard switching 
configurations including buck, boost, flyback, forward, in- 
verting and “Cuk”. A high current, high efficiency switch 
is included on the die along with all oscillator, control, and 
protection circuitry. Integration of all functions allows the 
T1072 to be built in a standard 5-pin TO-3 or T0-220 power 
package as well as the 8-pin miniDIP. This makes it ex- 
tremely easy to use and provides “bust proof” operation 
similar to that obtained with 3-pin linear regulators. 


The LT1072 operates wi 
to 60V, and draw: 


Itages from 3V 
fescent current. It can de- 


liver load 20 watts wi ternal power de- 
i y weHizing curre ing techniques, it 
s excelle oad and line regulation. 


i 

T of BY any unique features not found even on 
¥ more difficult to use low power control chips 
resently available. It uses adaptive anti-sat switch drive 
to allow very wide ranging load currents with no loss in 
efficiency. An externally activated shutdown mode re- 
duces total supply current to 50xA typical for standby 
operation. Totally isolated and regulated outputs can be 
generated by using the optional “flyback regulation 
mode” built into the LT1072, without the need for opto- 

couplers or extra transformer windings. 


Maximum Output Power* 


30 40 50 


20 
\NPUT VOLTAGE (V) 
*ROUGH GUIDE ONLY. BUCK MODE Pgyt = 1A xVour. 
MINIDIP OUTPUT POWER MAY BE LIMITED BY PACKAGE TEMPERATURE RISE AT HIGH INPUT 
VOLTAGES OR HIGH DUTY CYCLES. 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


| 
Era ee Nota stascteikasmasss aytaees B0v sorrow ve ORDER PART NUMBER 
LT1072 (See Note 1)............0 ccc cece cece es 40V E LT1072HVMK 
Switch Output Voltage ; LT1072MK 
LIIOP2MY cas cosccmewiissatervuchauwversersoeve: 75V ee _ LT1072HVCK 
EWP oiiesawwSnraadceantiensteltvatelecnkesines 65V M4 UEADTO-S LT1072CK 
Feedback Pin Voltage (Transient, 1ms)............. +15V 
Operating Junction Temperature Range alte LTAO72HVCT 
LT1072HVM, LT1072M........ -55°C to + 150°C | ae LT1072CT 
LTIO72HVC, LT1072C (Oper) ..... 0°C to +100°C ot a 
LT1072HVC, LT1072C (Sh. Ckt) .. . 0°C to +125°C 5 LEAD 0-220 
Storage Temperature Range.......... - 65°C to + 150°C TOP VIEW LT1072Mu8 
j 10 
Lead Temperature (Soldering, 10sec)............. 300°C (1107208 
Note 1; Minimum switch “on” time for the LT1072 in current limit is LT1072CN8 
=0.7y8ec. This limits the maximum input voltage during short circuit 
conditions, in the buck and inverting modes only, to = 40V. Normal 
(unshorted) conditions are not affected. If the LT1072 is being operated in SM OP IIA TARRARE 
the buck or inverting mode at high input voltages and short circuit 


conditions are expected, a resistor must be placed in series with the t=Minimum “on” time of LT1072 in current limit, ~0.7us 
inductor, as follows: 


Pe ks) f= Operating frequency (40kHz) 
The value of the resistor is given by: 


Vf = Forward voltage of external catch diode at lumi 
Pe R, umm = Current limit of LT1072 (2A) 
humm R, = Internal series resistance of inductor 


ELECTRICAL CHARACTERISTICS 


Unless otherwise specified, Vjy = 15V, Vc =0.5V, Veg = Vper, output pin open. 


SYMBOL PARAMETER CONDITIONS 7 MIN TYP MAX UNITS 

Ver Reference Voltage Measured at Feedback Pin Tir 1.224 1.244 1.264 7 
Vo=0.8V e 4.214 1.244 1.274 

Feedback Input Current Veg = Vrer 350 750 nA 
el 1100 

gm Error Amplifier Alg= + 25pA 3000 4400 6000 pmho 
Transconductance e 2400 7000 

Error Amplifier Source or 1 Vo=1.5V 150 200 350 pA 

Sink Current e 120 400 pA 


Error Amplifier Clamp Hi Clamp, Veg = 1V 


Voltage Lo Clamp, Veg =1.5V | 

Reference Voltage Line 3V<VinsVeax e 0.03 “NN 
Regulation = 0.8V 

Error Amplifier Voltage 0.9V<Vos1.4V 500 800 2000 VN 


: 


Gain 
Minimum Input Voltage e 26 3.0 C V 


I Supply Current 3V<Vins Vax, Vo= 0.6V 6 9 mA 
Control Pin Threshold Duty Cycle =0 08 0.9 1.08 Vv 
e| 06 1.25 _| 


Normal/Flyback Threshold 0.4 0.45 0.54 V 
on Feedback Pin 
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ELECTRICAL CHARACTERISTICS 


Unless otherwise specified, Viy = 15V, Vc =0.5V, Vep=Vrer, output pin open. 


SYMBOL ie PARAMETER CONDITIONS . MIN TYP MAX UNITS 
Veg Flyback Reference Voltage Ig = 50pA sis 1§ 16.3 176 | Vv 
e 14 18 
+ Change in Flyback 0.05<\eg<imA 45 68 85 7] 
Reference Voltage 
Flyback Reference Voltage lrg =50pA 0.01 0.03 a %N 
Line Regulation 3V-sVin< Vmax 
Flyback Amplifier Alg= + 10:A All 150. 300 + +~—-«500 amho 
Transconductance (gm) 
Flyback Amplifier Source Vo=0.6V Source 16 32 70 ] pA 
IE and Sink Current Irp=50nA Sink 25 40 70 pA 
BV Output Switch Breakdown 3VsVinsVuax —«LT 1072 65 90 v 
Voltage Igy = 5MA LT1072HV 15 90 V 
Vsat Output Switch (Note 1) Igy = 1.25A 0.6 1 a 
“On” Resistance ts 
Control Voltage to Switch 2 AN 
Current Transconductance | 
lun | Switch Current Limit Duty Cycle<50% T,225°C 1.25 3 A 
Duty Cycle <50% T;<25°C A 
Duty Cycle = 80% (Note 2) A 
Alin Supply Current Increase 
‘lgw During Switch On-Time 
Switching Frequency 
Maximum Switch Duty Cycle 
Flyback Sense Delay Time 
Shutdown Mode BV<Vins Vax 
Supply Current Vo = 0.05V 
Shutdown Mode 3V<Vins Vax 
Threshold Voltage 
The © denotes the specitications which apply over the full operating Note 2; For duty cycles (DC) between 50% and 80%, minimum guaranteed 
temperature range. switch current is given by I, y4 = 0.833 (2 - DC). 


Note 1: Measured with Vc in hi clamp, Vg =0.8V. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Switch Current Limit vs Duty Cycle Maximum Duty Cycle Flyback Blanking Time 
6 22 
95 + 2.0 
= zu 4 18 
5 ay = 
& fs] zl 3 
> z 93 mw 1.6 
5 z 2 
4 = 
= = 92 14 
wm 
1 a ane baw 1.2 
90, er eee ees | 1.0 
0 10 20 30 40 50 60 70 80 90 100 —-75 -50-25 0 2 50 75 100 125 150 —~75 -50-25 0 25 50 75 100 125 150 


DUTY CYCLE (%) JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Isolated Mode Flyback Reference 


Minimum Input Voltage Switch Saturation Voltage Voltage 
2.9 23 
28 is 22 
= uw a1 
us oO > 
2 27 5 7 
5 s Q 20 
8 2 5 
5 26 = = 19 
= SWITCH CURRENT =0A cE 2 
= =a a 18 
2 25 a ba 
2 7 z 
2 S 17 
2 3 
24 
an ow 16 
2.3 15 
-75-50-25 0 25 50 75 100 125 150 0 0.25 05 075 1 125 15 1.75 2 -75 -50~-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) SWITCH CURRENT (A) TEMPERATURE (°C) 
Reference Voltage and Switching Feedback Bias Current vs 
Line Regulation Frequency vs Temperature Temperature 
1.250 800 
= 1.248 700 
= ta 
wo = 1.246 = 600 
> = 5 
Zz w s 
= & 1.244 zz 500 
re 5 Bs 
3 i=] = co. 
5 = 1.242 2 2 400 
=) > 2 ma 
a @ 1.240 E58 300 
fa a 8 
& = 1.238 a 200 
iS 
a 1.236 100 
1.234 0 Li 
0 10 20 30 40 50 60 ~75 —50-25 0 25 50 75 100 125 150 —75-50-25 0 25 50 75 100 125 150 


INPUT VOLTAGE (V} TEMPERATURE (°C) TEMPERATURE (°C) 


Supply Current vs Supply Voltage 


Driver Current” vs Switch Current Supply Current vs Input Voltage* (Shutdown Mode) 
80 
Tj=25°C 
+ 
NOTE THAT THIS CURRENT DOES NOT 
INCLUDE DRIVER CURRENT, WHICH IS 
<= =z A FUNCTION OF LOAD CURRENT AND was 
ES z z 
=e bad CYCLE = 
e 4 —_ b 
Fa Fa a 
oc c oc 
& s & 
Oo oO o 
oc > 
g z = 
Fs a a 
0 
0 0204 0608 1 12 14 1618 2 0 10 20 30 40 50 60 0 10 20 30 40 50 60 
SWITCH CURRENT (A) INPUT VOLTAGE (V) SUPPLY VOLTAGE (V) 
“AVERAGE LT1072 POWER SUPPLY CURRENT IS *UNDER VERY LOW OUTPUT CURRENT 
FOUND BY MULTIPLYING DRIVER CURRENT BY CONDITIONS, DUTY CYCLE FOR MOST 
DUTY CYCLE, THEN ADDING QUIESCENT CIRCUITS WILL APPROACH 10% OR LESS. 


CURRENT. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Normal/Fiyback Mode Threshold 


200 


180 


160 


140 


120 


100 


SUPPLY CURRENT (vA) 


on Feedback Pin 

500 —_———t 

490 1 
480 
F3 
z 470 +--+} 
5 460 + FEEDBACK PIN VOLTAGE 

AT THRESHOLD 

5 450 + ) 
= 
s< 440 
Q 
<= 
& 430 
iH 
= 490 

410 

400 

=50 -25 2 80 75 
TEMPERATURE (°C) 
Shutdown Thresholds 


———— 


CURRENT (OUT OF Vc PIN) 


Vc PIN VOLTAGE (mV) 


{__j 


IDLE SUPPLY CURRENT (mA) 


=o wn wow Foe NO oO 


Ve VOLTAGE 1S REDUCED UNTIL 
REGULATOR CURRENT DROPS BELOW 300)A 


-75 ~50-25 0 2 50 75 


Switch “Off” Characteristics 


TEMPERATURE (°C) 


1000 
900 


Shutdown Mode Supply Current 


Error Amplifier Transconductance 
5000 


r 
Al (Vg PIN) 


0} 


4500 Gm = “ay (FB PIN) 


7 
S 
S 
S 


= om 


80 


3 
& 3500 = 
3000 
| 


2500 


60 


2000 T 
1500 


TRANSCONDUCTANCE ( 


40 


1000 


500 [ 


20 


0 
0 10 20 30 40 50 60 70 80 90 100 


Vo PIN VOLTAGE (mV) 


Idle Supply Current vs 
Temperature 


0 —— 
-75 50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


Feedback Pin Clamp Voltage 


= 
a 


FEEDBACK VOLTAGE (mV) 


-75-50~25 0 2 50 75 100 125 150 
TEMPERATURE (°C) 


Vc Pin Characteristics 


Veg = 1.5V (CURRENT INTO Vc PIN) 


pA 
a 
3 
S 


of 
eo 6 
oe 6 
< 
a 
= 


PPLY 


2 5000 


0 0.1 0.203 04 05 06 0.7 08 09 1 
FEEDBACK CURRENT (mA) 


Transconductance of Error 


& 
3 


SWITCH CURRENT ( 


Vc PIN CURRENT (nA) 


'8V (CURRENT 


TRANSCONDUCTANCE (um 


0 10 20 30 40 50 60 70 80 90 100 
SWITCH VOLTAGE (V} 


{ 
HH 
a o_o 


0.5 1.0 1.5 
Vig PIN VOLTAGE (V} 


Amplifier 
7000 —30 
6000 0 
30 
4000 |} 60 
z 
3000 9 & 
2000 120 
4000 150 
0 120 
—1000 210 
1k 10k 100k 1M 10M 
FREQUENCY (Hz) 


Va gui 
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BLOCK DIAGRAM 


ERROR 


SWITCH 
16V OUT 


0.162 


“ALWAYS CONNECT E1 TO GROUND PIN ON MINIDIP PACKAGE. 
EMITTERS TIED TO GROUND ON TO-3 AND TO-220 PACKAGES. 


LT1072 OPERATION 


The LT1072 is a current mode switcher. This means that 
switch duty cycle is directly controlled by switch current 
rather than by output voltage. Referring to the block dia- 
gram, the switch is turned “on” at the start of each oscilla- 
tor cycle. It is turned “off” when switch current reaches a 
predetermined level. Control of output voltage is obtained 
by using the output of a voltage sensing error amplifier to 
set current trip level. This technique has several advan- 
tages. First, it has immediate response to input voltage 
variations, unlike ordinary switchers which have notori- 
ously poor line transient response. Second, it reduces the 
90° phase shift at midfrequencies in the energy storage in- 
ductor. This greatly simplifies closed loop frequency com- 
pensation under widely varying input voltage or output 
load conditions. Finally, it allows simple pulse-by-pulse 
current limiting to provide maximum switch protection 
under output overload or short conditions. A low-dropout 
internal regulator provides a 2.3V supply for all internal cir- 


cuitry on the LT1072. This low-dropout design allows input 
voltage to vary from 3V to 60V with virtually no change in 
device performance. A 40kHz oscillator is the basic clock 
for all internal timing. It turns “on” the output switch via 
the logic and driver circuitry. Special adaptive antisat cir- 
cuitry detects onset of saturation in the power switch and 
adjusts driver current instantaneously to limit switch 
saturation. This minimizes driver dissipation and provides 
very rapid turn-off of the switch. 


A 1.2V bandgap reference biases the positive input of the er- 
ror amplifier. The negative input is brought out for output 
voltage sensing. This feedback pin has a second function, 
when pulled low with an external resistor, it programs the 
LT1072 to disconnect the main error amplifier output and con- 
nects the output of the flyback amplifier to the comparator in- 
put. The L71072 will then regulate the value of the flyback 
pulse with respect to the supply voltage. This flyback pulse is 
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directly proportional to output voltage in the traditional trans- 
former coupled flyback topology regulator. By regulating the 
amplitude of the flyback pulse, the output voltage can be 
regulated with no direct connection between input and out- 
put, The output is fully floating up to the breakdown voltage 
of the transformer windings. Multiple floating outputs are 
easily obtained with additional windings. A special delay net- 
work inside the LT1072 ignores the leakage inductance spike 
at the leading edge of the flyback pulse to improve output 
regulation. 


The error signal developed at the comparator input is brought 
out externally. This pin (Vc) has four different functions. It is 
used for frequency compensation, current limit adjustment, 
soft starting, and total regulator shutdown. During normal 
regulator operation this pin sits at a voltage between 0.9V 
(low output current) and 2.0V (high output current). The error 
amplifiers are current output (gm) types, so this voltage can 
be externally clamped for adjusting current limit. Likewise, a 
capacitor coupled external clamp will provide soft start. 
Switch duty cycle goes to zero if the Vc pin is pulled to ground 
through a diode, placing the LT1072 in an idle mode. Pulling 
the Vc pin below 0.15V causes total regulator shutdown, with 
only 50, supply current for shutdown circuitry biasing. See 
AN-19 for full application details. 


Extra Pins on the MiniDIP Package 


The miniDIP LT1072 has the emitters of the power transis- 
tor brought out separately from the ground pin. This elim- 
inates errors due to ground pin voltage drops and allows 
the user to reduce switch current limit 2:1 by leaving the 
second emitter (E2) disconnected. The first emitter (E1) 
should always be connected to the ground pin. Note that 
switch “on” resistance doubles when E2 is left open, so 
efficiency will suffer somewhat when switch currents ex- 
ceed 100mA. Also, note that chip dissipation will actually 
increase with E2 open during normal load operation, even 
though dissipation in current limit mode will decrease. 
See “Thermal Considerations.” 


Thermal Considerations When Using the MiniDIP Package 


The low supply current and high switch efficiency of the 
LT1072 allow it to be used without a heat sink in most ap- 
plications when the TO-220 or TO-3 package is selected. 


Wen 


These packages are rated at 50°C/W and 35°C/W respec- 
tively. The miniDIPs, however, are rated at 100°C/W in ce- 
ramic (J) and 130°/W in plastic (N). 


Care should be taken for miniDIP applications to ensure 
that the worst case input voltage and load current condi- 
tions do not cause excessive die temperatures. The follow- 
ing formulas can be used as a rough guide to calculate 
LT1072 power dissipation. For more details, the reader 
is referred to Application Note 19 (AN-19), “Efficiency 
Calculations” section. 


Average supply current (including driver current) is: 
lin =6mA + Igyy(0.004 + DC/40) 


Igw= switch current 
DC =switch duty cycle 
Switch power dissipation is given by: 
Pgw=(Isw)? * Rew * DC 
Rew = LT1072 switch “on” resistance (10 maximum) 


Total power dissipation is the sum of supply current times 
input voltage plus switch power: 


Prot = (lin)(Vin) + Pow 


In a typical example, using a boost convertor to generate 
+12V@0.12A from a +5V input, duty cycle is approxi- 
mately 60%, and switch current is about 0.654, yielding: 


lin = 6MA +0.65(0.004 + DC/40) = 18mA 
Pow = (0.65)2 10 « (0.6) = 0.25W 
Prot =(5V)(0.018A) + 0.25 = 0.34W 


Temperature rise in a plastic miniDIP would be 130°C/W 
times 0.34W, or approximately 44°C. The maximum ambi- 
ent temperature would be limited to 100°C (commercial 
temperature limit) minus 44°C, or 56°C. 


In most applications, full load current is used to calculate 
die temperature. However, if overload conditions must 
also be accounted for, four approaches are possible. First, 
if loss of regulated output is acceptable under overload 
conditions, the internal thermal limit of the LT1072 will 
protect the die in most applications by shutting off switch 
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current. Thermal limit is not a tested parameter, however, 
and should be considered only for non-critical applica- 
tions with temporary overloads. A second approach is to 
use the larger TO-220 (T) or TO-3 (K) package which, even 
without a heat sink, may limit die temperatures to safe lev- 
els under overload conditions. In critical situations, heat 
sinking of these packages is required; especially if over- 
load conditions must be tolerated for extended periods of 
time. 


The third approach for lower current applications is to 
leave the second switch emitter (miniDIP only) open. This 
increases switch “on” resistance by 2:1, but reduces 
switch current limit by 2:1 also, resulting in a net 2:1 reduc- 
tion in PR switch dissipation under current limit 
conditions. 


The fourth approach is to clamp the V¢ pin to a voltage 
less than its internal clamp level of 2V. The LT1070 switch 
current limit is zero at approximately 1V on the Vc pin and 
2A at 2V on the Vo pin. Peak switch current can be ex- 
ternally clamped between these two levels with a diode. 
See AN-19 for details. 


LT1072 Synchronizing 
The LT1072 can be externally synchronized in the fre- 


quency range of 48kHz to 70kHz. This is accomplished as 


Synchronizing with Bipolar Transistor 


shown in the accompanying figures, Synchronizing occurs 
when the Vc pin is pulled to ground with an external tran- 
sistor. To avoid disturbing the DC characteristics of the in- 
ternal error amplifier, the width of the synchronizing pulse 
should be under 1ys. C2 sets the pulse width at ~ 0.35zs. 
The effect of a synchronizing pulse on the LT1072 ampli- 
fier offset can be calculated from: 


ie (2) eaity (lo+ 32) 


Ic 
MH = 26mV@25°C 


ts= pulse width 
fg = pulse frequency 
Ic =LT1072 Vc source current (~ 200A) 
Vc = LT1072 operating Vc voltage (1V-2V) 
R3=resistor used to set mid-frequency “zero” in LT1072 
frequency compensation network. 


With tg=0.35ys, fg =50kHz, Vo =1.5V, and R3=2KQ, off- 
set voltage shift is ~2.2mV. This is not particularly bother- 
some, but note that high offsets could result if R3 were 
reduced to a much lower value. Also, the synchronizing 
transistor must sink higher currents with low values of R3, 
so larger drives may have to be used. The transistor must 
be capable of pulling the Vc pin to within 200mV of ground 
to ensure synchronizing. 


Synchronizing with MOS Transistor 


Fi 
5V LOGIC 


= *SILICONIX OR EQUIVALENT 
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TYPICAL APPLICATIONS 


Totally Isolated Converter 
OPTIONAL 
OUTPUT FILTER 


ul 
15v, 10H 


SV“ O5yF* 
ad N=0.875=7:8 
FOR Voyt = 15V 


R2 


*REQUIRED IF INPUT LEADS = 2” 


v ~fV SWITCH VOLTAGE 

IN 

0 ‘OFF 

Vout +V+ (V4= DIODE FORWARD VOLTAGE) 
ov SECONDARY VOLTAGE 
NeVin \ 
Flyback Converter 
Le CLAMP TURN-ON 
SPIKE 


10pH 


C4. 
200yF 


OPTIONAL =" 
FILTER 


PRIMARY FLYBACK VOLTAGE = “ur + Vt 


LT1072 SWITCH VOLTAGE 
AREA ‘‘a" = AREA ‘‘b'’ TO MAINTAIN 
ZERO DC VOLTS ACROSS PRIMARY 


SECONDARY VOLTAGE 
AREA ‘'c’”” = AREA ‘‘d"" TO MAINTAIN 
ZERO OC VOLTS ACROSS SECONDARY 


PRIMARY CURRENT 


“SECONDARY CURRENT 


T1070 SWITCH CURRENT 


SNUBBER DIODE CURRENT 


f 
4 
ai 
: 
gle 


“REQUIRED IF INPUT LEADS = 2” 
**OPTIONAL TO REPLACE 84 & C3 
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TYPICAL APPLICATIONS 


Negative to Positive Buck-Boost Converter External Current Limit 


L2 


OPTIONAL i 2 


C3 
OUTPUT 
FILTER = 


OPTIONAL 
INPUT 
FILTER 


L3 


“REQUIRED IF INPUT LEADS =2” 
“PULSE ENGINEERING 52626 NOTE THAT THE LT1072 GND PIN 
“iW hd 1S NO LONGER COMMON TO Vin(—) 


Positive to Negative Buck-Boost Converter External Current Limit 


1Nag01 ast “REQUIRED IF INPUT LEADS > 2” 
4700, WW Vin “PULSE ENGINEERING 92113 


10a T 10 avoID START-UP PROBLEMS 
FOR INPUT VOLTAGES BELOW 10V, 
CONNECT ANODE OF D3 T0 Vin, 
AND REMOVE RS. C1 MAY BE 
REDUCED FOR LOWER OUTPUT 
CURRENTS. C1 = (500,F)(lgu1). 
FOR SV OUTPUTS, REDUCE R3 

TO 1.5k, INCREASE C2 TO 0.34, 
AND REDUCE R6 TO 1000. 


Voltage Boosted Boost Converter Driving High Voltage FET 
(for Offline Applications, See AN-25) 


TOTAL INDUCTANCE =8mH 
INTERLEAVE PRIMARY AND 
SECONDARY FOR LOW LEAKAGE 
INDUCTANCE. 
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LT 


Negative Buck Converter 


\NPUT 
FILTER 


*REQUIRED IF INPUT LEADS = 2” 
**PULSE ENGINEERING 52626 


Positive Buck Converter 


Vin 


L2 


ait Noes 


OPTIONAL 200pF 
OUTPUT zr 
FILTER 


BV, 1A 


100mA 
MINIMUM 


*REQUIRED IF INPUT LEADS =2° 
**PULSE ENGINEERING 52626 


Negative Boost Regulator 


*REQUIRED IF INPUT LEADS =2” 
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PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
8 Lead Hermetic DIP 
0.005 
(0.727) has 
MIN |g _. 0.405 
0.025 
(0.635) 
RAO TYP 
0.220-0.310 
(5.588 — 7.874) 
0.290-0.320 200 
37 8. 0. 
(7.37 —8.13) 0.055 eas 
(1.397) MAX 
MAX 
0.015—0.060 
(0.381 — 4.524) 
0.008 —0.018 paziee 


(0.203 —0.460) 


0.385 + 0.025 0.024 --0.026 
be = | {0.360 — 0.660) 218 


(9.779 + 0.635) a5 
MIN 

0.038 - 0.068 0.100 + 0.010 

(0.965-1-727) (2.540 0.254) 


$8188 


Based on continuous operation. 


| TO-3 Type Metal Can (Steel) K Package 


N Package 
8 Lead Molded DIP 


0.400 
(10.160) 
MAX 
[s] [5] 


0.250 + 0.010 
(6.350 40.254} 


0.300-0.320 


| 0.045 -0.065 0.130 + 0.005 
{7-620 8.126) (1143 =1.651) (3.302 + 0.127) 
0,065 9.020 
1.651 (0.508) 
CP ihe ae MIN 


0.009—0.015 


(0229-0381) 


9.325 + 0-025 


=0.015 
0.635) 
(2 #8 = 


0.045 + 0.015 
(11432 0.381) 


0.100 + 0.010 J. 0.018 + 0.003 
(2.540 + 0.254) (0.457 +0.076) 


NB188 


Based on continuous operation. 
“Timax = 125°C for intermittent 
fault conditions. 


TO-220 Type Plastic T Package 


0.760—0.775 
0.320 —0.350 (19.30- 19.69) 0.390-0.410. 
(8.128 — 8.890) (9.906 10.41) 0.170—0.180 
0.100-0.120 (4318 —4.572) 
0.570—0.610 0.147—0.151 (2.540—3.048) 0,045 0.058 
{ (14.48 15.49) (3:734—3.635) | (1,143=1.397) 
0.116 
(2.946) { 4 | 
MAX 
0.420-0.480 0.038 0.043 .| a 9.469-0.00 
(10.67—12.19) (0.965— 1.092) ( ) 0.620 9749 
0.880—0.910 (15.75) GB. 03) 
4.177 -1.197 (22.35—23.11} 
(23.90 -30.40) D970— 1.050, 
0,220 —0.235 0.355-0.370. (24.64 — 26.67) 
(5.588 —5.969) (9.017 —9.398) 
0.152—0.162 | 
0.445 ~ 0.465 (3.860—4.114) 
(1.20-11.81} RIP J 
0.062—0.072 0.090 
0.167—0.177 11.574—1.829) = | [~~ (2.286) 
{4.241 4.495) 0.030 —0.040 0.013-0.025 ; 
RTYP (0.762—1.016) (0.330 —0.635) Are 
| in.a18— 4.899) 
9.327 = 0.335 ae 
ates (8.306—8.509) sdins 


[ 
LT1072MK, LT1072HVMK 190°C 8°Cw 35°C 
LT1072CK, LT1072HVCK 100°C* 8°Cw 36°Cw 

Based on continuous operation. 
*Timax = 125°C for intermittent fault conditions. 


[ L¥1072CT, LT1072HVCT 


8c a 
see 8°CiW 75°C 
Based on continuous operation. 


*Timax= 125°C for intermittent fault conditions. 
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TECHNOLOGY 


FEATURES 


= Wide Input Voltage Range 3V-40V 

# Low Quiescent Current—6mA 

w Internal 5A Switch (2.5A for LT1171) 

= Very Few External Parts Required 

« Self-Protected Against Overloads 

= Operates in Nearly All Switching Topologies 

# Shutdown Mode Draws Only 50sA Supply Current 

= Flyback-Regulated Mode has Fully Floating Outputs 
= Comes in Standard 5-Pin Packages 

= Can be Externally Synchronized 


APPLICATIONS 


= Logic Supply 5V @ 10A 
m 5V Logic to + 15V Op Amp Supply 
= Offline Converter up to 200W 


= Battery Upconverter 
= Power Inverter(+ to -—) on. <0 
j ts ED 
ations eyts 


= Fully FloatingM 

USER NOTE: 

This data sheet is only inter 8, graphs, and a general functional description of 
the LT1170/LT1171. Application cluded to show the capability of the LT1170/LT1171. A com- 
plete design manual (AN-19) sI be obtained to assist In developing new designs. This manual con- 


tains a comprehensive discussion of both the LT1070 and the external components used with it, as well as 
complete formulas for calculating the values of these components. The manual can also be used for the 
L11170 and LT1171 by factoring in the higher frequency. A second application note, AN-25, which details 
offline applications (s available. 


4 perk ere’ 
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LT1170/LT1171 


5A and 2.5A High Efficiency 
]00kHz Switching Regulators 


DESCRIPTION 


The LT1170 and LT1171 are monolithic high power switch- 
ing regulators. They can be operated in all standard 
switching configurations including buck, boost, flyback, 
forward, inverting and “Cuk”. A high current, high effi- 
ciency switch is included on the die along with all oscilla- 
tor, control, and protection circuitry. Integration of all 
functions allows the LT1170/LT1171 to be built in a stand- 
ard 5-pin TO-3 or T0-220 power package. This makes them 
extremely easy to use and provides “bust proof” operation 
similar to that obtained with 3-pin li ne 
pp 


The LT1170/LT1174 suse y voltages from 3V 


to 40V, and quiescentgurrent. It can de- 
liverdgad 0 100 wa ternal power de- 
tching techniques, it 
C load and line regulation. 


y utilizing 


£71171 has many unique features not found 
the vastly more difficult to use low power control 
chips presently available. It uses adaptive anti-sat switch 
drive to allow very wide ranging load currents with no loss 
in efficiency. An externally activated shutdown mode re- 
duces total supply current to 50uA typical for standby 
operation. 


TYPICAL APPLICATION 


Boost Converter (5V to 12V) 


L2 OUTPUT 
10pH FILTER 


*REQUIRED IF INPUT LEADS = 2” 
**PULSE ENGINEERING 92114 5 


Maximum Output Power* 


0 
0 10 20 
INPUT VOLTAGE (V) 

*ROUGH GUIDE ONLY. BUCK MODE 
Poyr=5A x Vout. SPECIAL TOPOLOGIES 
DELIVER MORE POWER. 

“*DIVIDE VERTICAL POWER SCALE 
BY TWO FOR LT1171 


LT Wee 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 

LT1170/71 (See Note 1) ........ce cc eeceeseeeee ence 40V 
Switch Output Voltage 

LTVIZOITA: ic tecavinet Sco eplaeweeneadiunuevens 65V 
Feedback Pin Voltage (Transient, 1ms)............. + 15V 
Operating Junction Temperature Range 

LTVIZOIZIM......cececeeeeceeeerees -55°C to + 150°C 

LT(170/71C (Oper.)..........cceceeee ees 0°C to + 100°C 

LT1170/71C (Sh. CKt) ........c esse ee ees 0°C to + 125°C 
Storage Temperature Range .......... — 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec).............. 300°C 


Note 1: Minimum effective switch “on” time for the LT1170/71 (in current 
limit only) is ~0.6ps. This limits the maximum safe input voltage during an 
output shorted condition. Buck mode and inverting mode input voltage is 
limited to: 


Rel. +Vi 
tef 


Vy (max, output shorted) = 15V + 
buck and inverting mode 
R= Inductor DC Resistance 


I= 10A for LT1170 and 5A for LT1171 
Vf= Output Catch Diode Forward Voltage at |, 
t=0,6ps, f = 100kHz Switching Frequency 


PACKAGE/ORDER INFORMATION 


ORDER PART 
NUMBER 


BOTTOM VIEW 
Vo 


CASE IS GND 


LT1170/LT1171MK 
LT1170/LT1171CK 


K PACKAGE 
4-LEAD TO-3 METAL CAN 


LT4170/LT1174CT 


FRONT VIEW 
5 ——— 


4 Vsw 


3-3 GND 


T PACKAGE 
5-LEAD 10-220 


Maximum input voltage can be increased by increasing R or Vf. 
Transformer designs will tolerate much higher input voltages because 
leakage inductance limits rate of rise of current in the switch. These 
designs must be evaluated individually to assure that current limit is well 
controlled up to maximum input voltage. 

Boost mode designs are never protected against output shorts because the 
external catch diode and inductor connect input to output. 


ELECTRICAL CHARACTERISTICS 


Unless otherwise specified, Viy = 15V, Vc = 0.5V, Vep = Vper, output pin open. 


SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Var Reference Voltage Measured at Feedback Pin 1.224 4.244 1.264 v 
Vo =0.8V 1.244 1.274 

\p Feedback Input Current Veg = Veer 360 750 nA 
1100 

gm Alg= + 25pA pmho 

Vo=1.5V pA 


Sink Current 


Error Amplifier 
Transconductance 
Error Amplifier Source or 


Error Amplifier Clamp Hi Clamp, Veg =1V : 

Voltage Lo Clamp, Veg = 1.5V } v 

Reference Voltage Line 3V< Vins Viax 0.03 %N 

Regulation Vo =0.8V 

Error Amplifier Voltage 0.9V<Vos1.4V 500 800 2000 | VN 

Gain 

Minimum Input Voltage 2.6 3.0 V 
lo Supply Current 3V<Vins Vmax, Vo = 0.6V 


Control Pin Threshold Duty Cycle=0 
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ELECTRICAL CHARACTERISTICS 


Unless otherwise specified, Vjy = 15V, Vo=0.5V, Vrs =Vrer, output pin open. 


SYMBOL PARAMETER ; CONDITIONS 
BV Output Switch Breakdown 3V<VinsVmax ——«LT1170,171171 


Voitage Igy =5MA 
Veat | Output Switch (Note 1) | LT1170 0.15 0.24 0 
“On” Resistance LT1171 a 
Control Voltage to Switch LT1170 AN 
Current Transconductance LT1171 AN 
tum Switch Current Limit (LT1170) Duty Cycle = 50% Ty 225°C A 
Duty Cycle = 50% Ty <25°C A 
Duty Cycle = 80% (Note 2) A 
lum Switch Current Limit (LT1171) Duty Cycle = 50% Ty225°C A 
Duty Cycle = 50% Ty< 25°C A 
| Duty Cycle = 80% (Note 2) A 
Alw Supply Current Increase 
Algw During Switch On-Time 
f Switching Frequency 
DC (max) Maximum Switch Duty Cycle 
Shutdown Mode 3V<Vins Vax pA 
Supply Current Vc =0.05V 
Shutdown Mode mV 
Threshold Voltage mV 
The © denotes the specifications which apply over the full operating Note 2: For duty cycles (DC) between 50% and 80%, minimum guaranteed 
temperature range. switch current is given by |yy = 3.33 (2 - DC) for the LT1170 and I= 1.67 
Note 1: Measured with Vc in hi clamp, Vpg = 0.8V. Igy = 4A for LT1170 and (2~DC) for the LT1171. 
2A for LT1171. 


er 


TYPICAL PERFORMANCE CHARACTERISTICS 


Switch Current Limit vs Duty Cycle* 


SWITCH CURRENT (A) 


9 
0 10 20 30 40 50 60 70 80 9 100 
DUTY CYCLE (%) 


*DIVIDE VERTICAL SCALE BY 
Two FOR t11171 


i 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Switch Saturation Voltage 


Minimum Input Voltage 
2.9 


2.8 


2.7 


2.6 


2.5 


MINIMUM INPUT VOLTAGE (V) 


2.4 


2.3 
—75'-50-25 0 25 80 75 
TEMPERATURE (°C) 


100 125 150 


Reference Voltage vs Temperature 


1.246 


REFERENCE VOLTAGE (V} 


SWITCH SATURATION VOLTAGE (V) 


0 1 2 3.4 5 6 7 8 


SWITCH CURRENT (A)* 
*DIVIDE CURRENT BY 2 FOR LT1171 


Feedback Bias Current vs 
Temperature 


1.234 
-75 -50-25 0 2 50 75 
TEMPERATURE (°C) 


100 125 150 


Driver Current* vs Switch Current 


DRIVER CURRENT (mA) 


0 1 2 3 4 5 
SWITCH CURRENT (A) 


* AVERAGE LT1170 POWER SUPPLY CURRENT iS 
FOUND BY MULTIPLYING DRIVER CURRENT BY 
DUTY CYCLE, THEN ADDING QUIESCENT 
CURRENT. 


FEEDBACK BIAS CURRENT (nA) 


SUPPLY CURRENT (mA) 


75-50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


Supply Current vs Input Voltage* 


Tj=25°C 


+ 
NOTE THAT THIS CURRENT DOES NOT 
INCLUDE DRIVER CURRENT, WHICH IS: 
A FUNCTION OF LOAD CURRENT AND 


REFERENCE VOLTAGE CHANGE (mV) 


SUPPLY CURRENT (uA) 


DUTY CYCLE. 


90% DUTY CYCLE 


50% DUTY CYCLE 


10% DUTY CYCLE 


es es 

0% DUTY CYCLE 

0 10 2 39 4 5 60 
INPUT VOLTAGE (V) 


*UNDER VERY LOW OUTPUT CURRENT 
CONDITIONS, DUTY CYCLE FOR MOST 
CIRCUITS WILL APPROACH 10% OR LESS. 


SUPPLY CURRENT (pA) 


Line Regulation 


0 10 20 30 40 


INPUT VOLTAGE (V) 


50 60 


Supply Current ys Supply Voitage 
(Shutdown Mode} 


° 


10 20 30 40 


SUPPLY VOLTAGE (V) 


Shutdown Mode Supply Current 


0 10 20 30 40 50 60 70 80 90 100 
Vo PIN VOLTAGE (mv) 
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TYPICAL PERFORMANCE CHARACTERISTICS 
Idle Supply Current vs 


Error Amplifier Transconductance Shutdown Thresholds Temperature 


5000 400 —400 11 
4500 ate ay eee | mie 10 
AV (FBPIN)") 350 CURRENT (OUT OF Vo PIN) = ~ 350 
= 4000 r) 
£ 300 —300 
© 3500 Ss < =8 
a E ae 
S 3000 ug 250 -202 = 7 
5 2500 200 2s 
3 =) ~0S VsupPLy 
= 2000 2 S35 
8 = 150 Lame -150 4 35 
3 i= 
= 1500 oS Es 4 
z * 400 a -10~> @ 
= 1000 wy 3 
i Vo VOLTAGE IS REDUCED UNTIL_] 59 9 © | 
500 REGULATOR CURRENT DROPS BELOW 300,A. 2 | [ 
0 0 0 1 
75-50-25 0 25 50 75 100 125 150 —75-50-25 0 25 50 75 100 125 150 75-50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C) 
Feedback Pin Clamp Voltage Switch “Off” Characteristics Vc Pin Characteristics 
300 
200 
= 700 =z 10 
= 3 
& a 0 
& & 
=) — 
° ro) 
= 2 -100 
2 = 
© 
Fa > 200 
—300 
0 —400 
0 0.1 0.203 040506070809 14 0 10 20 30 40 50 60 70 80 90 100 0 05 861.0 15S 2002.8 
FEEDBACK CURRENT (mA) SWITCH VOLTAGE (V) Vg PIN VOLTAGE (V) 
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BLOCK DIAGRAM* 
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ge al 
CIRCUIT 


* ALTHOUGH STILL CONNECTED ON THE 111170 AND LT1171, THE ISOLATED = 


ES 
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SWITCH 
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FLYBACK* 


ERROR 
saa 


AMP 


5A, 75V 
SWITCH 


0.022 
(0.040 LT1071) 


FLYBACK CIRCUITRY IS NOT SPECIFIED FOR 100kHz OPERATION. 


LT1170/LT1171 OPERATION 


The LT1170/LT1171 is a current mode switcher. This means 
that switch duty cycle is directly controlled by switch current 
rather than by output voltage. Referring to the block diagram, 
the switch is turned “on” at the start of each oscillator cycle. 
It is turned “off” when switch current reaches a predeter- 
mined level. Control of output voltage is obtained by using 
the output of a voltage sensing error amplifier to set current 
trip level. This technique has several advantages. First, it has 
immediate response to input voltage variations, untike or- 
dinary switchers which have notoriously poor line transient 
response. Second, it reduces the 90° phase shift at midfre- 
quencies in the energy storage inductor. This greatly sim- 
plifies closed loop frequency compensation under widely 
varying input voltage or output load conditions. Finally, it 
allows simple pulse-by-pulse current limiting to provide maxi- 
mum switch protection under output overload or short condi- 


tions. A low-dropout internal regulator provides a 2.3V supply 
for all internal circuitry on the LT1170/LT1171. This low- 
dropout design allows input voltage to vary from 3V to 60V 
with virtually no change in device performance. A 100kHz os- 
cillator is the basic clock for all internal timing. It turns “on” 
the output switch via the logic and driver circuitry. Special 
adaptive anti-sat circuitry detects onset of saturation in the 
power switch and adjusts driver current instantaneously to 
limit switch saturation. This minimizes driver dissipation and 
provides very rapid turn-off of the switch. 


A 1.2V bandgap reference biases the positive input of the er- 
ror amplifier. The negative input is brought out for output 
voltage sensing. This feedback pin has a second function; 
when pulled low with an external resistor, it programs the 
LT1170/LT1171 to disconnect the main error amplifier output 
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and connects the output of the flyback amplifier to the com- 
parator input. The LT1170/LT1174 will then regulate the value 
of the flyback pulse with respect to the supply voltage*. This 
flyback pulse is directly proportional to output voltage in the 
traditional transformer coupled flyback topology regulator. 
By regulating the amplitude of the flyback pulse, the output 
voltage can be regulated with no direct connection between 
input and output. The output is fully floating up to the break: 
down voltage of the transformer windings. Multiple floating 
outputs are easily obtained with additional windings. A spe- 
cial delay network inside the LT1170/LT1171 ignores the leak- 
age inductance spike at the leading edge of the flyback pulse 
to improve output regulation. 

*See note under block diagram. 


The error signal developed at the comparator input is brought 
out externally. This pin (Vc) has four different functions. Itis 
used for frequency compensation, current limit adjustment, 
soft starting, and total regulator shutdown. During normal 
regulator operation this pin sits at a voltage between 0.9V 
(low output current) and 2.0V (high output current). The error 
amplifiers are current output (gm) types, so this voltage can 
be externally clamped for adjusting current limit. Likewise, a 
capacitor coupled external clamp will provide soft start. 
Switch duty cycle goes to zero if the Vc pinis pulled to ground 
through a diode, placing the LT1170/LT1171 in an idle mode. 
Pulling the Vc pin below 0.15V causes total regulator shut- 
down, with only 50,4 supply current for shutdown circuitry 
biasing. See AN-19 for full application details. 


TYPICAL APPLICATIONS (Note that maximum output currents are divided by 2 for T1171.) 


Driving High Voltage FET 
(for Offline Applications, See AN-25) 


L2 


OPTIONAL 
INPUT 
FILTER 


“REQUIRED IF INPUT LEADS = 2” 
** PULSE ENGINEERING 92114 


OPTIONAL za is c 


OUTPUT 
FILTER 5 


Extemal Current Limit 


External Current Limit 


NOTE THAT THE LT1170/LT1171 
GND PIN IS NO LONGER COMMON 
As TO Vin(-) 
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TYPICAL APPLICATIONS 


Flyback Converter 


100pF 


OPTIONAL =" 
FILTER 


*REQUIRED IF INPUT LEADS = 2” = 


CLAMP TURN-ON 
SPIKE 


PRIMARY FLYBACK VOLTAGE = Your + Vi 


111170/L11171 SWITCH VOLTAGE 
AREA ‘‘a’’ = AREA “b’" TO MAINTAIN 
ZERO DC VOLTS ACROSS PRIMARY 


SECONDARY VOLTAGE 
AREA ‘'c'' = AREA ‘‘d'' TO MAINTAIN 
ZERO DC VOLTS ACROSS SECONDARY 


PRIMARY CURRENT 
0 
Vert 
0 
'pRi 


\ \ SNUBBER DIODE CURRENT 
0: 
alle Ory 


SNUB 
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TYPICAL APPLICATIONS 
Positive to Negative Buck-Boost Converter 


ast “REQUIRED IF INPUT LEADS = 2” 
1N4001 4700.10 Vw. **PULSE ENGINEERING 92114 


1-80v t + avoID START-UP PROBLEMS 
FOR INPUT VOLTAGES BELOW 10V, 
CONNECT ANODE OF 03 TO Vin, 
AND REMOVE RS. C1 MAY BE 
REDUCED FOR LOWER OUTPUT 
CURRENTS. C1 ~(5002Xlour)- 
FOR SV OUTPUTS, REDUCE R3 
TO 1.5k, INCREASE C2 TO 0.3uF. 

o2 RA AND REDUCE Ré TO 1000. 


Vo 
—12V@2A 
Voltage Boosted Boost Converter 
TOTAL INDUCTANCE = 1mtt 
u INTERLEAVE PRIMARY AND 
SECONDARY FOR LOW LEAKAGE 


N=5 


\NDUCTANCE. 


Current Boosted Boost Converter 


Vw 
16-241 


LY ae 5-69 


LT1170/LT1171 
TYPICAL APPLICATIONS 


Negative Buck Converter 


(NPUT 
FILTER 


B 
— OUTPUT 
FILTER 


12 
AnH 


*REQUIRED IF INPUT LEADS 22” 
**PULSE ENGINEERING 92114 


Negative Current Boosted Buck Converter 


MINIMUM 
LOAD =10mA 


~ Vout 
5V@10A 


Positive Buck Converter 


Vin 


i2 


4yH 5 

OPTIONAL 200yF 
OUTPUT Lr 

FILTER 


SV, 4.54 


100mA 
MINIMUM 


*REQUIRED IF INPUT LEADS = 2” 
**PULSE ENGINEERING 92114 = 
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Negative Boost Regulator Driving High Voltage NPN 


C1 


*SETS 1g (ON) 
“*SETS 1p (OFF) 


*REQUIRED IF INPUT LEADS > 2” 


—Vout 


a1 = Your! = 1.6 
200pA 


Forward Converter 


ul 
D1 25uH Vout 
5V 
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TYPICAL APPLICATIONS 


Positive Current Boosted Buck Converter 


“REQUIRED IF INPUT LEADS = 2” 


Vour 
SV @AOA 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


TO-3 Type Metal Can (Steel) K Package 


0.760 —0,775 
119.30 | 


0.320 0.350. 
(8.128—8.890} 


0.038 - 0.043 
(0.965 — 1.092) 


0.420 ~ 0.480 
(10.67 12.19} 
1.177~1.197 
(29.90-30.40) 
0.220 -0.235 


(5.588 —5.969) 


0,152 0.162 
(3.860 4,114) 
RATYP 


0.445 0.465 


(11.30 = 11.81) 


0.167-0.177 
(4.241 — 4.495) 
RTYP 


Katee 


vik | __sre 


0.570 —0,610 
(14.48—15.49) 


(9.017 --9.398) 


0.390 -0.410 
(9,906 — 10.41) 


0.147—0.151 


( 


(3.754 —3.835) 7 


TO-220 Type Plastic 
T Package 


0,170 —0,180 


(4.318—4.572} 


0.1000, 120. 
(2.540 —3.048) 


0.045 ~0,085 
(1.143 1-397) 


- 
me 


7Y 
0.460 —0.500 
(17.68 12.70) 062 49 
0.880 —0.910 (15.75) (18.03) 
(22.35 23.11) 
0.970 = 1.050 
0.355 ~-0.370 (24,64 ~ 26.67) | 
eee eech 
aren [| 4 9.090, 
et 
es eet) . 0.030 — 0.040 0.013 -0.025 (2,286) 
(0.762 — 1.016) {8.220 — 0.635) 
| 0.170--0.185 
(4.318 ~ 4.699) 
0.327 —0.335, 
(8.306 — 8.509) T5188 
TIMAX 8J¢ 8iA 
LT1170CT 00°C 2°CW 75°CW 
LT4171CT 4CMW TS°CW 


LT1170CK 100°C 
LT1171MK 150°C 


LTN71CK 
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FEATURES 


m Available in MiniDIP, TO-220, and TO-3 Packages 
= Wide Input Voltage Range 3V-60V 

= Low Quiescent Current—6mA 

m= Internal 1.25A Switch 

® Very Few External Parts Required 

= Self-Protected Against Overloads 

® Operates in Nearly All Switching Topologies 

= Shutdown Mode Draws Only 50zA Supply Current 
= Comes in Standard 5-Pin Packages 

= Can be Externally Synchronized 


APPLICATIONS 


= Logic Supply 5V @ 2.5A 

= 5V Logic to + 15V Op Amp Supply 
= Offline Converter up to 50W 

= Battery Upconverter 

= Power Inverter (+ to -)or(- to +) 
= Fully Floating Multiple Outputs 

® Driver for High Current Supplies 
USER NOTE: 


This data sheet is only intended to provide specifications, graphs, and a general functional description of 
the LT1172, Application circuits are included to show the capability of the LT1172. A complete design 


manual (AN-19) should be obtained to assist in developing new designs. This manual contains a compre- 


hensive discussion of both the LT1070 and the extemal components used with it, as well as complete 
formulas for calculating the values of these components. The manual can also be used for the LT1172 by 
factoring in the lower switch current rating, and higher frequency. 


TYPICAL APPLICATION 
Boost Converter (5V to 12V) 


5V 


400pH 


*REQUIRED IF INPUT LEADS =2* = 
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1.25A High Efficiency 
1OOkHz Switching Regulator 


DESCRIPTION 


The LT1172 is a monolithic high power switching regulator. 
It can be operated in all standard switching configurations 
including buck, boost, flyback, forward, inverting and 
“Cuk”. A high current, high efficiency switch is included 
on the die along with all oscillator, control, and protection 
circuitry. Integration of all functions allows the LT1172 to 
be built in a standard 5-pin TO-3 or TO-220 power package 
as well as the 8-pin miniDIP. This makes it extremely easy 
to use and provides “bust proof” operation similar to that 
obtained with 3-pin linear regulators. 


The LT1172 operates with supply voltages from 3V to 60V, 
and draws only 6mA quiescent current. It can deliver load 
power up to 20 watts with no external power devices. By 
utilizing current-mode switching techniques, it provides 
excellent AC and DC load and line regulation. 


The LT1172 has many unique features not found even on 
the vastly more difficult to use low power control chips 
presently available. It uses adaptive anti-sat switch drive 
to allow very wide ranging load currents with no loss in 
efficiency. An externally activated shutdown mode re- 
duces total supply current to 50,A typical for standby 
operation. 


Maximum Output Power* 


}———t 
BUCK-BOOST 
Vo =5V 


0 10 20 30 4050 

INPUT VOLTAGE (V) 

*ROUGH GUIDE ONLY. BUCK MODE Poyt=1AxVour. 
MINIDIP OUTPUT POWER MAY BE LIMITED BY PACKAGE TEMPERATURE RISE AT HIGH INPUT 
VOLTAGES OR HIGH DUTY CYCLES. 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 
Supply Voltage 


LTH72HV (See Note 1)....c.sccceseescesceeeseees 60V goad ORDER PART NUMBER 
LT1172 (See Note 1)...........cccccseeeseeesenees 40V LT1172HVMK 

Switch Output Voltage LT1172MK 
LIQ orci vcore sutetGad tater viet ea¥esedents 75V LT1172HVCK 
LIND ondocccaws dy odanae taesetbedooder aaddeoes 65V LT1172CK 

Feedback Pin Voltage (Transient, ims)............. + 15V 

Operating Junction Temperature Range LT1172HVCT 
LT1172HVM, LTH172M........0..006 ~55°C to + 150°C LT1172CT 
LTI72HVC, LT1172C (Oper.)............ 0°C to + 100°C 
LTI172HVG, LT1172C (Sh. Ckt.)......... 0°C to + 125°C 

Storage Temperature Range.......... - 66°C to + 150°C 

Lead Temperature (Soldering, 10sec)............. 300°C LT1172MJ8 


LT11720J8 
LT1172CN8 


Note 1: Minimum switch “on” time for the LT1172 in current limit is 
=0,.6xsec. This limits the maximum input voltage during short circuit 
conditions, in the buck and inverting modes only, to ~25V. Normal 
{unshorted) conditions are not affected. If the LT1172 is being operated in 
the buck or inverting mode at high input voltages and short circuit 
conditions are expected, a resistor must be placed in series with the 
inductor, as follows: 


The value of the resistor is given by: 
_ HOV -V; R 
eee 

kumi 


J PACKAI N PACKAGE 
8 LEAD CERAMIC DIP 8 LEAD PLASTIC DIP 


t= Minimum “on” time of LT1172 in current limit, ~0.6ys 
f= Operating frequency (100kHz) 

Vf = Forward voltage of external catch diode at lumi 
humm = Current limit of LT1172 (2A) 


R 
R, = Internal series resistance of inductor 


ELECTRICAL CHARACTERISTICS 


Unless otherwise specified, Vy = 15V, Vc =0.5V, Veg = Vper, output pin open. 


SYMBOL PARAMETER ue CONDITIONS MIN TYP MAX L UNITS 
Vege Reference Voltage Measured at Feedback Pin 1,224 1.244 1.264 V 
Vo=0.8V fel ta tg tam 
lp Feedback Input Current Veg = Veer 350 750 nA 
[@| 1100 __| 

gm Error Amplifier Alc= + 25pA 3000 4400 6000 amho 
Transconductance e 2400 7000 
Error Amplifier Source or Ve=1.5V 150 200 350 pA 
Sink Current e 120 400 pA 
Error Amplifier Clamp Hi Clamp, Veg =1V 18 23 v 
Voltage Lo Clamp, Vg =1.5V 0.25 0.38 0.52 be V 
Reference Voltage Line le 3V< Vins Vax e 0.03 %N 
Regulation Vo=0.8V sles 

Ay Error Amplifier Voltage 0.9V<Vcos1.4V | 500 800 2000 VNV 
Gain 
Minimum Input Voltage e 2.6 3.0 V 

Iq Supply Current 3V <VinsVmax, Vo=0.6V a 6 9 mA 
Control Pin Threshold Duty Cycle =0 0.8 0.9 1.08 a v 

@ 0.6 1.2 
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ELECTRICAL CHARACTERISTICS 


Unless otherwise specified, Vin = 15V, Vo= 0.5V, Veg =Vrer, output pin open. 


SYMBOL PARAMETER CONDITIONS TYP MAX a UNITS 
BV Output Switch Breakdown 3V<VwsVuyax —_‘(LT1172 90 v 
Voltage lay =5MA LT1172HV 90 Vv 
Output Switch (Note 1) 0.6 1 0 
“On” Resistance | 
Control Voltage to Switch 2 AN 
Current Transconductance = 
low Switch Current Limit Duty Cycle = 50% Ty225°C e 3 A 
Duty Cycle = 50% Ty <25°C CY 1.25 35 A 
Duty Cycle = 80% (Note 2) e 1 2.5 | A 
Aln Supply Current Increase 25 35 mAIA 
Algw During Switch On-Time 
Switching Frequency a 88 100 112 kHz 
e 85 115 kHz 
Maximum Switch Duty Cycle 80 90 % % 
Shutdown Mode 3VsVin < Vmax 100 250 pA 
Supply Current Vc =0.05V 
Shutdown Mode 3VsVins Vmax 100 150 250 mV 
Threshold Voltage e 50 300 mV 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Measured with Vc in hi clamp, Veg =0.8V. 

Note 2: For duty cycles (DC) between 50% and 80%, minimum guaranteed 
switch current is given by |, y4 = 0.833 (2~ DC). 


TYPICAL PERFORMANCE CHARACTERISTICS 


Switch Current Limit vs Duty Cycle 


SWITCH CURRENT (A) 


0 
Liiiiitti i) 


DUTY CYCLE (%) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Switch Saturation Voltage 


2.9 


Had 
& 


N 


ad 
a 


MINIMUM INPUT VOLTAGE (V) 
mG 
a 


im: 
ns 


2.3 


-75-50-25 0 


1,246 


REFERENCE VOLTAGE (V) 
iz 
= 


1,234 


-75 -50 -25 0 


Minimum input Voltage 


SWITCH CURRENT =1. 


TEMPERATURE (°C) 


Reference Voltage vs Temperature 


25 50 75 100 125 150 


SWITCH SATURATION VOLTAGE (V) 


FEEDBACK BIAS CURRENT (nA) 


SWITCH CURRENT (A) 


Feedback Bias Current vs 
Temperature 


0.25 0.5 0.75 10 1.25 15 1.75 2.0 


25 50 75 
TEMPERATURE (°C) 


Driver Current* vs Switch Current 


100 125 150 


ORIVER CURRENT (mA\ 


0 
0 0.2 04 0608 1 
SWITCH CURRENT (A) 


* AVERAGE LT1172 POWER SUPPLY CURRENT IS 
FOUND BY MULTIPLYING DRIVER CURRENT BY 
DUTY CYCLE, THEN ADDING QUIESCENT 
CURRENT. 


1.214 1618 2 


SUPPLY CURRENT (mA) 


~75-50-25 0 25 50 75 100 125 150 


0 10 20 30 40 


TEMPERATURE (°C) 


Supply Current vs Input Voltage* 


= 
NOTE THAT THIS CURRENT DOES NOT 
INCLUDE DRIVER CURRENT, WHICH IS: 
A FUNCTION OF LOAD CURRENT AND 


90% DUTY 


INPUT VOLTAGE (V) 


“UNDER VERY LOW OUTPUT CURRENT 
CONDITIONS, DUTY CYCLE FOR MOST 
CIRCUITS WILL APPROACH 10% OR LESS. 


1% DUTY CYCLE 
50 60 


SUPPLY CURRENT (yA) REFERENCE VOLTAGE CHANGE (mV) 


SUPPLY CURRENT (yA) 


Line Regulation 


ra | 


J} = 150°C 
EF 
— 


0 10 20 30 40 50 60 
INPUT VOLTAGE (V) 


Supply Current ys Supply Voltage 
(Shutdown Mode) 


0 10 20 30 40 50 60 
SUPPLY VOLTAGE (V) 


Shutdown Mode Supply Current 


0 10 20 30 40 50 60 70 80 90 100 
Vc PIN VOLTAGE (mv) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Idle Supply Current vs 
Error Amplifier Transconductance Shutdown Thresholds Temperature 
5000 —_—_— 1. 400 
| _ AL (Vc PIN) 
4500 m = AV (FB PIN) 350 
= 4000 
zg 300 = 
= 3600 Ss = 
ar = = 
3000 8 250 5 
& 2600 | + | 4+—| 5 200 = 
8 > oO 
% 2000 + +— + = 150 5 
2 1500 L = 
oc af 100 Ma 
= 1000 4 ill uy 
50 Vc VOLTAGE 1S REDUCED UNTIL 2 
500 or T REGULATOR CURRENT DROPS BELOW 300;A. 
0 0 0 
“75-50-25 0 25 50 75 100 125 150 —-75-50~25 0 25 0 75 100 125 150 75-50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C) 
Feedback Pin Clamp Voltage Switch “Off” Characteristics Vc Pin Characteristics 
500 4000 
450 
400 
= 0 z q 
lu = 
2 300 & | 
S 250 5 5 
= id 2 
2 200 2 = 
a 
a 150 a > 
100 
50 
0 Q 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 1 0 10 20 30 40 50 60 70 80 90 100 0 05 10 15 20 26 
FEEDBACK CURRENT (mA) SWITCH VOLTAGE (V) Vc PIN VOLTAGE (V) 
Transconductance of Error 
Amplifier 
7000 -30 
6000 0 
= 8 
2 5000 30 
8 
us 4000 60 
2 Gn z 
> 
5 3000 90 & 
3 3 
= 3 
S 2000 120 
g mil 
= 
= 1000 mil 150 
0 Ly 180 
—1000 210 
1k 10k 100k 1M 10M 
FREQUENCY (Hz) 


a 
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BLOCK DIAGRAM 


Vin 


100kHz 
osc 


AMP 
+ 


SHUTDOWN 
CIRCUIT 


SWITCH 
OUT 


*ALWAYS CONNECT E1 TO GROUND PIN ON MINIDIP PACKAGE. 
Et AND £2 INTERNALLY TIED TO GROUND ON TO-3 AND T0-220 PACKAGES. 


LTI172 OPERATION 


The LT1172 is a current mode switcher. This means that 
switch duty cycle is directly controlled by switch current 
rather than by output voltage. Referring to the block dia- 
gram, the switch is turned “on” at the start of each oscilla- 
tor cycle. It is turned “off” when switch current reaches a 
predetermined level. Control of output voltage is obtained 
by using the output of a voltage sensing error amplifier to 
set current trip level. This technique has several advan- 
tages. First, it has immediate response to input voltage 
variations, unlike ordinary switchers which have notori- 
ously poor line transient response. Second, it reduces the 
90° phase shift at midfrequencies in the energy storage in- 
ductor. This greatly simplifies closed loop frequency com- 
pensation under widely varying input voltage or output 


load conditions. Finally, it allows simple pulse-by-pulse 
current limiting to provide maximum switch protection 
under output overload or short conditions. A low-dropout 
internal regulator provides a 2.3V supply for all internal cir- 
cuitry on the LT1172. This low-dropout design allows input 
voltage to vary from 3V to 60V with virtually no change in 
device performance. A 100kHz oscillator is the basic clock 
for all internal timing. It turns “on” the output switch via 
the logic and driver circuitry. Special adaptive antisat cir- 
cuitry detects onset of saturation in the power switch and 
adjusts driver current instantaneously to limit switch 
saturation. This minimizes driver dissipation and provides 
very rapid turn-off of the switch. 
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A1.2V bandgap reference biases the positive input of the er- 
ror amplifier. The negative input is brought out for output 
voltage sensing. 


The error signal developed at the comparator input is brought 
out externally. This pin (Vc) has four different functions. It is 
used for frequency compensation, current limit adjustment, 
soft starting, and total regulator shutdown. During normal 
regulator operation this pin sits at a voltage between 0.9V 
(low output current) and 2.0V (high output current). The error 
amplifiers are current output (gm) types, so this voltage can 
be externally clamped for adjusting current limit. Likewise, a 
capacitor coupled external clamp will provide soft start. 
Switch duty cycle goes to zero if the Vc pinis pulled to ground 
through a diode, placing the LT1172 in an idle mode. Pulling 
the Vc pin below 0.15V causes total regulator shutdown, with 
only 50,A supply current for shutdown circuitry biasing. See 
AN-19 for full application details. 


Extra Pins on the MiniDIP Package 


The miniDIP LT1172 has the emitters of the power transis- 
tor brought out separately from the ground pin. This elim- 
inates errors due to ground pin voltage drops and allows 
the user to reduce switch current limit 2:1 by leaving the 
second emitter (E2) disconnected. The first emitter (E1) 
should always be connected to the ground pin. Note that 
switch “on” resistance doubles when E2 is left open, so 
efficiency will suffer somewhat when switch currents ex- 
ceed 100mA. Also, note that chip dissipation will actually 
increase with E2 open during normal load operation, even 
though dissipation in current limit mode will decrease. 
See “Thermal Considerations.” 


Thermal Considerations When Using the MiniDIP Pacoage 


The low supply current and high switch efficiency of the 
LT1172 allow it to be used without a heat sink in most ap- 
plications when the 0-220 or TO-3 package is selected. 
These packages are rated at 50°C/W and 35°C/W respec- 
tively. The miniDIPs, however, are rated at 100°C/W in ce- 
ramic (J) and 130°/W in plastic (N). 


Care should be taken for miniDIP applications to ensure 
that the worst case input voltage and load current condi- 
tions do not cause excessive die temperatures. The follow- 
ing formulas can be used as a rough guide to calculate 
LT1172 power dissipation. For more details, the reader 
is referred to Application Note 19 (AN-19), “Efficiency 
Calculations” section. 


Average supply current (including driver current) is: 
lin=6mA + Igw(0.004 + DC/40) 


Isw= switch current 
DC = switch duty cycle 


Switch power dissipation is given by: 
Pow=(Igw)* * Rew * DC 
Rew = L11172 switch “on” resistance (19 maximum) 


Total power dissipation is the sum of supply current times 
input voltage plus switch power: 


Prot = (lin)(Vin) + Psw 


in a typical example, using a boost convertor to generate 
+12V@0.12A from a +5V input, duty cycle is approxi- 
mately 60%, and switch current is about 0.65A, yielding: 


ly = 6mA + 0.65(0.004 + DC/40) = 18mA 
Pow = (0.65)? © 10 + (0.6)=0.25W 
Prot = (6V)(0.018A) + 0.25 = 0.34W 


Temperature rise in a plastic miniDIP would be 130°C/W 
times 0.34W, or approximately 44°C. The maximum ambi- 
ent temperature would be limited to 400°C (commercial 
temperature limit) minus 44°C, or 56°C. 


In most applications, full load current is used to calculate 
die temperature. However, if overload conditions must 
also be accounted for, four approaches are possible. First, 
if loss of regulated output is acceptable under overload 
conditions, the internal thermal limit of the LT1172 will pro- 
tect the die in most applications by shutting off switch 
current. Thermal limit is not a tested parameter, however, 


a 


AT Ue 
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and should be considered only for non-critical applica- 
tions with temporary overloads. A second approach is to 
use the larger TO-220 (1) or TO-3 (K) package which, even 
without a heat sink, may limit die temperatures to safe lev- 
els under overload conditions. In critical situations, heat 
sinking of these packages is required; especially if over- 
load conditions must be tolerated for extended periods of 
time. 


The third approach for lower current applications is to 
leave the second switch emitter (miniDIP only) open. This 
increases switch “on” resistance by 2:1, but reduces 
switch current limit by 2:1 also, resulting in a net 2:1 reduc- 
tion in [FR switch dissipation under current limit 
conditions, 


The fourth approach is to clamp the Vc pin to a voltage 
less than its internal clamp level of 2V. The LT1172 switch 
current limit is zero at approximately 1V on the Vc pin and 
2A at 2V on the Vc pin. Peak switch current can be ex- 
ternally clamped between these two levels with a diode. 
See AN-19 for details. 


LT1172 Synchronizing 


The LT1172 can be externally synchronized in the fre- 
quency range of 120kHz to 160kHz. This is accomplished 
as shown in the accompanying figures. Synchronizing 
occurs when the Vc pin is pulled to ground with an 


Synchronizing with Bipolar Transistor 


external transistor. To avoid disturbing the DC charac- 
teristics of the internal error amplifier, the width of the 
synchronizing pulse should be under 0.3ys. C2 sets the 
pulse width at ~ 0.2us. The effect of a synchronizing pulse 
on the LT1172 amplifier offset can be calculated from: 


(£2) tsa (lor 22) 


AVos = R3 


Ic 
HT =26mV@25°C 


ts = pulse width 

fs = pulse frequency 

Ic=LT1172 Vc source current (~ 200A) 

Vc=LT1172 operating Vc voltage (1V-2V) 

R3 = resistor used to set mid-frequency “zero” in LT1172 
frequency compensation network. 


With ts=0.2ys, f= 150kHz, Vo=1.5V, and R3=2KQ, off- 
set voltage shift is ~3.8mV. This is not particularly bother- 
some, but note that high offsets could result if R3 were 
reduced to a much lower value. Also, the synchronizing 
transistor must sink higher currents with low values of R3, 
so larger drives may have to be used. The transistor must 
be capable of pulling the Vc pin to within 200mvV of ground 
to ensure synchronizing. 


Synchronizing with MOS Transistor 
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TYPICAL APPLICATIONS 


Flyback Converter 


(2 
Sa 


C4. 
100yF' 


OPTIONAL = 
FILTER 


“REQUIRED IF INPUT LEADS = 2” 


**QPTIONAL TO REPLACE R4 & C3 
CLAMP TURN-ON 
Vee SPIKE 
+ 


PRIMARY FLYBACK VOLTAGE = Your + Vt 


171172 SWITCH VOLTAGE 
AREA ‘‘a"' = AREA ''b'’ TO MAINTAIN 
ZERO DC VOLTS ACROSS PRIMARY 


SECONDARY VOLTAGE 
AREA "'c’’ = AREA ‘'d"’ TO MAINTAIN 
ZERO DC VOLTS ACROSS SECONDARY 


PRIMARY CURRENT 


0 


teri 


0 


\pRt 


\ i SNUBBER DIODE CURRENT 
q 
of fata tego un 


Vsnus 
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TYPICAL APPLICATIONS 


Negative to Positive Buck-Boost Converter External Current Limit 


L2 


OPTIONAL r 


oureut =~ ° 


FILTER 


OPTIONAL 
INPUT 
FILTER 


*REQUIREO IF INPUT LEADS > 2” NOTE THAT THE LT1172 GND PIN 


—12V Rg IS NO LONGER COMMON TO Vix(—) 
Positive to Negative Buck-Boost Converter External Current Limit 
o3t ast 
1N4001 4700, 1W Vy “REQUIRED IF INPUT LEADS = 2” 


IN 
10-30V T To AvoID START-UP PROBLEMS 


FOR INPUT VOLTAGES BELOW 10V, 
CONNECT ANODE OF D3 TO Vin, 
= AND REMOVE R5. C1 MAY BE 
REDUCED FOR LOWER OUTPUT 
CURRENTS. C1 ~(500pF)(Igut). 
FOR 5V OUTPUTS, REDUCE R3 
TO 1.5k, INCREASE C2 TO 0.32F, 
Ry D2 R4 AND REDUCE R6 TO 1009. 


Driving High Voltage FET 
Voltage Boosted Boost Converter (for Offline Applications, See AN-25) 


TOTAL INDUCTANCE = 4mH 
INTERLEAVE PRIMARY AND 
SECONDARY FOR LOW LEAKAGE 
INDUCTANCE. 


Vout 
100V.@75mA 
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TYPICAL APPLICATIONS 


Negative Buck Converter 


—5.2V@1A 


INPUT 
FILTER 

U3 
—vv«.> 


~20V 
“REQUIRED IF INPUT LEADS = 2” 


Positive Buck Converter 


Vin 


2 


4H I 05 


OPTIONAL ~J~200HF 


OUTPUT 
FILTER 


*REQUIRED IF INPUT LEADS 22” 


Negative Boost Regulator 


*REQUIRED IF INPUT LEADS = 2” 
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PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


J Package N Package 
8-Lead Ceramic DIP 8-Lead Plastic DIP 
0.005 
(0.127) eae 
MIN 0.405 
(10-287) 
| MAK 
0.025 
(0.635) f 
RAD TYP 
0.260 40.010, 
0.220-0.310 (6.350 +0.254) 
(5.588 7.874) 
0.290 0.320 [1] [3] 
(7.37—8.13) [2] 0.200, 
0.055 (5.080) 0.300 -0.320 0.045 ~0,065 0.130 + 0.005 
i397 lx MAX (7620-8. 128) T3165) (3.302+0.127) 
MAX 0.085 9.020, 
0.015 —0.060 ire) (0.508) 
(0.381—1.524) ( VP Y_ MIN 
aome-0.018 Gee 0.009-0.015 | feat 125 
: . (0'229=0.381) | feat 175) 
0.325 + 9.025 MIN 
fs 0.385 + 0.025 >| 0.014 —0.026 +|b— 0.125 —0.015 0.045+0.015 
(9.779 +.0.635) (0.360 —0.660) a5 fg.255 + 0.635" (1.143 0.381) 
‘MIN —0. 331) 0.100 4-0. 0.100 + 0.010 (oe 
0.038 —0.068 0.100+ 0,010 (2.540 0.254) (0.457 + 0.076) 
(0.965 1.727) (2.540 40.254) nate 
e168 
Based on continuous operation. Based on continuous operation. 
“Tmax = 125°C for intermittent 
fault conditions, 
K Package T Package 
4-Lead TO-3 Metal Can 5-Lead T0-220 
0.760-0.775 
2.760= 0.775, 0.390-0.410 
9.320-—0.350 (19.30 — 19.69) (9.906—10.41) 0.170—0.180. 
(8.128 —8.890) 9.100-0.120  (4.318—4.572) 
0.570 —0.610 0.147 = 0.151 (2.540 — 3.048) 540-3. nk as 0.045 0.055, 
(14.48 15.49) (3.734 3.835) ra (1.143 = 1,397) 
2.116, 4 
(2.946) 
MAX 0.480 0.500 
0.420-0.480 _0.038-~0.043 (11.68 ~ 12.70) 0.620 710 
(10.67— 12.19) (0.965— 1.092) 0.880 —-0.910 (15.75) a3) 
(22.38- 23.11) 
1.47—1.197 0.970— 1.050 
(29:90 -30.40) 0.355 --0.370 (24.64—26.67) 
0.220 -0.235 (8.017—9.398) 
(5.588 — 5.969) 
0.152—0.162 
0.445 ~0.465 (3.860—4.114) 
(11.30 — 11.81) RTYP en 2 
0.062—0.072 | 0.090 
0.167=0.177, aa oie) 0.030-0.040 9.013 0.025 | (2.286) 
(6.2 =A oor (0.762—1.018) (0.330 0.635) er 
{4.318 4.699) 
0.327 0.335 
(8.306 —8.508) 5108 
kaise 
Timax 8ic ja 
UTNT2MK,LTti72kvMK | 150°C ecw | 35°C Twax Sic ak 
~ LT1972CT, LT1472HVCT 100°C* 8°Cw 75°CW 
LT1172CK, LT1172HVCK 100°C* 8°Cw 35°CW 


Based on continuous operation. 
*Tymax = 125°C for intermittent fault conditions, 


Based on continuous operation. 
“Timax= 125°C for intermittent fauit conditions. 
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TECHNOLOGY Regulating Pulse Width 
Modulator 

FEATURES DESCRIPTION 
= Guaranteed + 2% Reference Tolerance The LT1524 PWM switching regulator control circuit con- 
@ Guaranteed +6% Oscillator Tolerance tains all the essential circuitry to implement single-ended 
= Guaranteed 10mV/1000 Hrs Long Term Stability or push-pull switching regulators. Included on the circuit 
® interchangeable with all SG1524 or LM1524 Devices are oscillator, voltage reference, a pulse width modulator, 
= Operates Above 100kHz error amplifier, overload protection circuitry and output 

drivers. 


Although pin-for-pin and functionally compatible with 
industry standard 1524 and 3524 devices, Linear 
APPLICATIONS Technology has incorporated several improvements in the 
ater ; design of the LT1524. A subsurface zener reference has 
: ae eyes ny piles been used to provide excellent stability with time and the 
# Off-Lin pei Converters reference is trimmed at the wafer level to provide an initial 
accuracy of 2%. Additionally, the oscillator is trimmed to 

provide a maximum tolerance of 6%. 


Linear Technology Corporation’s advanced processing, 
design and passivation techniques make the LT1524 and 
LT3524 a superior and more reliable choice over previous 
devices. 5 


5V, 1 Amp Regulator 


5k 
2N6191 6004H 
a1 
ae 


Vin 8V 


Distribution of Reference 
Output Voltage 


1 =2N6191 
Q2 = 2N3906 


NUMBER OF UNITS 


4.97 4.99 i 5.03 5.05 
REFERENCE OUTPUT VOLTAGE (V) 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Input Voltage 6.6... eee eee 40V 

Reference Output Current.................. 50mA TOP MIEN ORDER PART 

Output Current (Each Output) .............. 100mA inv weur 7 NUMBER 

Oscillator Charging Current (Pin6or7)......... SmA we teut [21 

Internal Power Dissipation (Note 1) ............. 1W osc output [31 Fa] EMITTER 2 LT1524J 

Operating Temperature Range +CL SENSE [2] Fa] COLLECTOR 2 LT3524J 
LT1 524/SG1 524 oe tere eee = 55°C to + 125°C —CL SENSE [5] COLLECTOR 1 LT3524N 
LT3524/$G3524................ 0°Cto +70°C EMITTER 1 SG61524J 

Storage Temperature Range... ... —65°C to +150°C HO} SHUTOOWN SG3524J 

Lead Temperature (Soldering, 10sec.)........ 300°C ro] compensation | SG3524N 


J PACKAGE 
16 PIN HERMETIC 


N PACKAGE 
16 PIN PLASTIC 


ELECTRICAL CHARACTERISTICS (Note 2) 


LT1524 $G1524 
PARAMETER CONDITIONS MIN TYP MAX MIN. TYP MAX UNITS 


Reference Section: 
Output Voltage 48 5.0 §.2 v 
Line Regulation Vin = 8V to 40V 
Load Regulation |, =O0mA to 20mA 
Ripple Rejection f= 120Hz 
Short Circuit Current Limit 
Temperature Stability 
Long Term Stability 
Oscillator Section: 
Maximum Frequency C,=0.001nF, Ry = 2k0 
initial Accuracy 
Voltage Stability 
Temperature Stability | Notes = = i i sts—izY 
Output Amplitude i sel 
Output Pulse Width Cr =0.01uF, Ty = 25°C 
Error Amplifier Section: 
Input Offset Voltage 
Input Blas Current 
Open Loop Voltage Gain 
Common-Mode Voltage 
Common-Mode Rejection Ratio 
Small Signal Bandwidth 
Output Voltage 


5-86 


LT1524/LT3524 
SG1524/SG3524 


ELECTRICAL CHARACTERISTICS 


$G1524 
PARAMETER CONDITIONS MIN TYP. MAX UNITS 
Comparator Section: 
Minimum Duty Cycle 0 % 


Maximum Duty Cycle 
Input Threshold Zero Duty Cycle 


{nput Threshold Max Duty Cycle 
Input Bias Current 
Current Limiting Section: 
Sense Voltage Pin 9 = 2V with Error Amplifier 190 200 = 210 mV 
Set for Max Out L 
Sense Voltage T.C. TC 0.2 mvi°C 
Common-Mode Voltage -07 1 V 
Output Section: (Each Output) | {i — 
Collector-Emitter Voltage 40 V 
Collector Leakage Current al Veg = 40V 0.1 50 pA 
Saturation Voltage I¢=50mA 1 2 v 
Emitter Output Voltage Vin = 20V 7 18 Vv 
Rise Time 1 yz ake ite 02 28 
Fall Time Ro = 2k2 0.1 us 
Total Standby Current: Vn = 40V (Note 4) | 8 10 mA 
ELECTRICAL CHARACTERISTICS (Note 2) 
PARAMETER CONDITIONS sia ver aa Shei ear UNITS 
Reference Section: All 
Output Voltage 
Line Regulation | Vin = 8V to 40V 
Load Regulation 1,=OmA to 20mA 
Ripple Rejection 1 t2120Hz 
Short Circuit Current Limit Vege =0 
Temperature Stability 
Long Term Stability T 
Oscillator Section: 
Maximum Frequency |G =0.001yF, Ry = 2ka 
Initial Accuracy Ry and C; Constant 
Voltage Stability Vin = 8V to 40V 
Temperature Stability Note3 
Output Amplitude Pin3 


Output Pulse Width Cy =0.01pF, Ty = 2 
Error Amplifier Section: 

Input Offset Voltage | Voy = 2.5V 

Input Bias Current Voy = 2.5V 

Open Loop Voltage Gain 

Common-Mode Voltage 


Common-Mode Rejection Ratio | 


Smalt Signal Bandwidth 


Ay=0dB 


Output Voltage 


LY 
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ELECTRICAL CHARACTERISTICS 


LT3524 SG3524 


MIN TYP MAX MIN TYP MAX UNITS 


PARAMETER CONDITIONS 
Comparator Section: 
Minimum Duty Cycle he 
MaimumDuyOwe | ———SSSSSSCSC~d 
Input Threshold Zero Duty Cycle | @ | 
input Teshol [MaxdutyOyce Sid | 
Input Bias Current | @ | 
Current Limiting Section: 
Sense Voltage Pin 9=2V with Error Amplifier E 
Set for Max Out 
Sense Voltage T.C. pie eg es 
Common-Mode Voltage fe | 
Output Section: (Each Output) 
Collector-Emitter Voltage A 
Collector Leakage Current Vog= 40V | @ | 
Saturation Voltage Ig=50mA | @ | 
Emitter Output Voltage | Wav tsi + 
Fse Tine ee 
Fall Time Ro= 2k0 || 
Total Standby Current: | Vw=40V (Noted) = (ss 


The @ denotes specifications that apply over the full operating 
temperature range. 

The shaded electrical specifications indicate those parameters which 
have been improved or guaranteed test limits provided for the first time. 
Note 1: For operating at elevated temperatures, the device in the J 
package must be derated at 100°C /W to a maximum junction 
temperature of 150°C, while the device in the N package is derated at 
150°C/W to a maximum junction temperature of 115°C. 

Note 2: These specifications apply for Viy=20V, f= 20kHz. T, = 25°C 
unless otherwise noted. 


V7 18 17 18 


1 2 


Note 3: Although many manufacturers specity a maximum specification 
of 2%, Linear Technology's experience is that this specification is not 
being presently met by other manufacturers. Linear Technology's basic 
design, although improved, is essentially identical to other manufac- 
turers’ devices. Linear Technology is, however, unwilling to place a 
maximum specification on its data sheet which cannot be met or 
guaranteed. 

Note 4: Standby current does not include the oscillator charging current, 
error and current limit dividers, and the outputs are open circuit. 


TEST CIRCUIT 


Vin 


GND 


} OUTPUTS 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Error Amplifier Gain 


g 
Zz 
4 
oOo 
w 
§ 
Oo 
> 
RL =RESISTANCE FROM PIN 9 
TO GNO 
—20 
10 100 1k 40k 100k iM 10M 
FREQUENCY (Hz) 
Output Transistor Saturation 
Voltage 
2.5 
S 2.0 
du 
& 
a 
B15 
2 
= 
= 10 
= 
wn 
L 
£05 
0 
-75 ~-50-25 0 2 50 75 100 125 
Ta—AMBIENT TEMPERATURE (°C) 
Standby Current 
5.0 
= 
e 
6 
Fa 
= 
3B 40 
= 
8 
=z 
tt 
& 
b 


5 10 1% 2 2% 30 35 40 
Viy—INPUT VOLTAGE (V} 


Output Dead Time 


3 
a 
= 
e 
a 
a = 
5 a a 
Boe 
* eo 
: ition i 
0.001 0.004 0.01 0.04 0.1 
C7—CAPACITANCE (uF) 
Output Transistor Emitter 
Voltage 
19.0 
= 18.6 
| 
3 
> 
& 
E 18.2 
= 
w 
b 
> 
17.8 
-7-50 -25 0 2 50 75 100 125 
T,—AMBIENT TEMPERATURE (°C) 
Duty Cycle 
50 
40 
= 
i. 30 
Fe] 
3 
> 
— 2 
a 
10 


1 1.5 2 2.5 3 3.5 4 
VOLTAGE ON PIN 9 (V) 


Oscillator Period 


i 0,-0.0 


Ae AY 
g C7 = 0.005 pray an. 
& VAY AVA 
i= y Tati | , LY 
Z WAM 
= 10 AX 
S 
2 5 
= 
1 
1 2 5 10 20 50 100 200 500 1k 
OSCILLATOR PERIOD (us) 
Dscillator Frequency vs Timing 
Resistance 
i ——— — 


r=) 
Ss 
x * 


—— 
Voc=20V 
Ta=25°e 1 

U 
1 2 


4710 2 40 
Ry—RESISTANCE (ka) 


1k 


OSCILLATOR FREQUENCY (Hz) 
2 
z 


400 


100 
70 100 


Current Limit Sense Voltage 


(Vpin 4— Vein 5) 
220 
(Vein 2—VpIN 1) 250 mV 
Vpin 9= 2-0V 
__ 210 
> 
= 
3 
I 200 
> 
a 
m 190 
n 
iF 
> 
180 


170 
~75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 
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APPLICATIONS INFORMATION 
FUNCTIONAL DESCRIPTION AND PIN FUNCTIONS 
Voltage Regulator 


The internal 5V regulator (input pin 15, output pin 16) 
supplies a regulated 5V to all internal circuitry, as well as 
up to 50mA for external circuitry. For operation below 8V 
input, pins 15 and 16 may be tied together and 5V to 6V 
externally applied. 


Oscillator 


The internal oscillator circuitry sets the frequency of 
operation for the switching regulator. The oscillator wave- 
form is a ramp from about 1V to 3.5V (pin 7). Frequency 
is set by a timing resistor from pin 6 to ground and a 
capacitor from pin 7 to ground. The oscillator period is ap- 
proximately RC for the recommended range of 1.8k to 
100k for R and 0.001yF to 0.1,F for C. 


The fall time of the ramp sets the blanking or dead time 
where both outputs are off in push-pull regulators. This is 
controlled by the value of the capacitor alone. 


Output Transistors 


The two output transistors have both the emitters (pins 11 
and 14) and the collectors available (pins 12 and 13). Inter- 
nal current limiting for both of these transistors is about 
100mA. The two transistors are driven 180° out of phase by 
the flip-flop. For single-ended operation they should be con- 
nected in parallel. 


Error Amplifier 


The differential input (pins 1 and 2) single-ended output 
(pin 9) transconductance amplifier provides about 80dB 
of gain, as well as providing a point for loop frequency 
compensation or electronic shutdown. 


DC gain of the loop can be controlled by resistive loading, 
while AC compensation is usually accomplished with a 
series R-C connected from pin 9 to ground. The output 
impedance at pin 9 is about 5MQ and current is about 
200A, so external op-amps or voltage sources can easily 
drive the comparator input. Normally, the 5V reference is 
divided down to generate a voltage within the common- 
mode range of the error amplifier. 


Synchronous Operation 


When an external clock is desired, a clock pulse of ap- 
proximately 3V can be applied directly to the oscillator 
output, pin 3. The impedance to ground at this point is 
approximately 2kQ. In this configuration, Rt Cy must be 
selected for a clock period slightly greater than that of the 
external clock. 


If two or more LT1524 regulators are to be operated syn- 
chronously, all oscillator output terminals should be tied 
together. The oscillator programmed for the minimum 
clock period will be the master from which all the other 
LT1524s operate. In this application, the Cy Rt values of 
the slaved regulators must be set for a period approx- 
imately 10% longer than that of the master regulator. In 
addition, Ct (master) =2 Cr (slave) to ensure that the 
master output pulse, which occurs first, has a wider 
puise width and will subsequently reset the slave 
regulators. 


Shutdown 


A logic high at pin 10 will shut down the regulator and 
cause both output transistors to turn off. 


Current Limit 


Current limiting is activated when the voltage between 
pins 4 and 5 exceeds 200mV. The output of the current 
limit amplifier internally sums with the error amplifier to 
shorten the output pulse width. The gain of the current 
limit circuitry is relatively low, so current control in limit is 
typically about 5%. Two areas of caution should be 
observed with current limiting. First, the response time of 
the current limit is set by the loop roll-off on pin 9. Fast 
current limiting requires external circuitry. Second, the 
common-mode range of the current limit amplifier is tim- 
ited. Even fast spikes outside this range can disrupt 
operation. 
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SCHEMATIC DIAGRAM 
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BLOCK DIAGRAM 


REFERENCE 
REGULATOR 


18 Veee 
5V 


§V TO ALL 
INTERNAL CIRCUITRY 


COMPENSATION 
COMPARATORS 


+ 


+CL SENSE 


EMITTER 2 


Cr 3 OSCILLATOR 
hr OSCILLATOR pers 
3 
GND 


PACKAGE DESCRIPTION J Package 


16 Lead Ceramic DIP gue 


| | Ta ax 
LT1524J ; : 
seiseay | 150°C | toorc/w | s0°c/w 
LT3524J ‘ : . 
seasza; | 190°C | tooecyw | ao°c/w 


0.290 - 0.320 
(7.386 —B. 128) 


9.020 - 0.070 
(0.508 — 1.778) 


0.008 --0.012 les 0.050 0,080 + 0.005 
(0.203~0.305) 0.125, (1.270) (2.032 + 0.127) 
(5775) MAX 
0.385 0.025 0.1004 0.010 0.018 + 0,002 
(8.790.635) G54 0.254) (0.457 0.051) 
N Package 


16 Lead Plastic DIP ee es 


0.250 + 0.005 0.095 
(6.350 0.127) 


un 


LT3524N : , 
seasean | 118°C | 140°C/W 


9,009-0.011 i ie 0,018 + 0.003 
(0: 229-0.275} aim (0.635) | aie 
0.100 0.040 
+ 0.63: (2540) 018} 
(2% tose 
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FEATURES 


m +5% Typ. Oscillator Tolerance 

= 20mV/1000 Hrs Typ. Long Term Stability 

® Interchangeable with all SG3524 or LM3524 Devices 
= Operates Above 100kHz 


APPLICATIONS 


® Switching Power Supplies 
= Motor Speed Control 
= Off-Line Power Converters 


SG3524S 


Regulating Pulse Width 
Modulator 


DESCRIPTION 


The $G3524 PWM switching regulator control circuit con- 
tains all the essential circuitry to implement single-ended 
or push-pull switching regulators. Included on the circuit 
are oscillator, voltage reference, a pulse width modulator, 
error amplifier, overload protection circuitry and output 
drivers. 


Although pin-for-pin and functionally compatible with in- 
dustry standard 3524 devices, Linear Technology has in- 
corporated several improvements in the design of the 
9524. A subsurface zener reference has been used to pro- 
vide excellent stability with time and the reference is 
trimmed at the wafer level. 


Linear Technology Corporation’s advanced processing, 
design and passivation techniques make the $G3524 a 


superior and more reliable choice over previous devices. 5 


5V, 1 Amp Regulator 


Distribution of Reference Output Voltage 


~aco8 sess se 


497 4.99 5.01 5.03 5.05 
REFERENCE OUTPUT VOLTAGE (V) 


NUMBER OF UNITS 
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ABSOLUTE MAXIMUM RATINGS 


PACKAGE/ORDER INFORMATION 


Input Voltage... cece eee e eee ece reat eee e eee eee 40V 
Reference Output Current ............ccceceeeeeees 50mA bai ee 
Output Current (Each Output) .............. cee 100mA INV INPUT Vere 
Oscillator Charging Current (Pin6or7) ..........045 5mA NU INPUT Vin $G3524S 
Internal Power Dissipation (Note 1)..............000 iw osc ouTeut [| EMITTER 2 
Operating Temperature Range ............... 0°C to 70°C +CL sense [4] COLLECTOR 2 
Storage Temperature Range............. - 65°C to 150°C —CL SENSE [5 COLLECTOR 1 
Lead Temperature (Soldering, 10Sec.).............. 300°C 8 [6] EMITTER 1 PART MARKING 
Cy 10] SHUTDOWN 
eno [| 3] COMPENSATION $G3524S 
ne 
= A! 
ELECTRICAL CHARACTERISTICS (note 2 
rte —_ $G3524 ade Se 
PARAMETER CONDITIONS MIN TYP MAX UNITS 


Reference Section: 
Output Voltage 
Line Regulation 
Load Regulation 
Ripple Rejection 


Vin = 8V to 40V 
I. =0mA to 20mA 


Short Circuit Current Limit 


Temperature Stability 


Long Term Stability 


Oscillator Section: 
Maximum Frequency 
Initial Accuracy 


C= 0.001pF, Rr = 2ka 
Rr and C; Constant 


le 03 1 % 
20 mVVkhr 
300 


kHz 


Voltage Stability Vin =8V to 40V 


Note 3 
Pin3 
Cr =0.01nF, Ty = 25°C 


Temperature Stability 

Output Amptitude 

Output Pulse Width 
Error Amplifier Section: 
Input Offset Voltage 


Input Bias Current 
Open Loop Voltage Gain 


“us 
2 10 mV 
10 pA 
e 60 80 


Common-Mode Voltage 
Common-Mode Rejection Ratio 


Small Signal Bandwidth Ay=0dB 
Output Voltage fe ee V 
Comparator Section: 


Duty Cycle 


Input Threshold Zero Duty Cycle 


% Each Output On e 


e 1 
input Threshold Max Duty Cycle 3.5 
Input Bias Current 1 
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SG35245 


ELECTRICAL CHARACTERISTICS wnote2 


$G3524 
PARAMETER CONDITIONS MIN TYP MAX UNITS 
Current Limiting Section: 
Sense Voltage Pin 9 =2V with Error Amplifier 180 200 220 mV 


Sense Voltage T.C. 


Set for Max Out 


Common-Mode Voltage 


Output Section: (Each Output) 


Coliector-Emitter Voltage e 40 V 
Collector Leakage Current Voge = 40V 0.1 50 pA 
Saturation Voltage Io =50MA 1 2 V 
Emitter Output Voltage V 
Rise Time ns 
Fall Time 

Total Standby Current: Viy = 40V (Note 4) 

The @ denotes specifications that apply over the full operating tempera- Note 3: Although many manufacturers specify a maximum specification of 

ture range. 2%, Linear Technology's experience is that this specification is not being 

Note 1: For operating at elevated temperatures, the device in the SO pack- presently met by other manufacturers. Linear Technology's basic design, 

age must be derated at 100°C/W to a maximum junction temperature of although improved, is essentially identical to other manufacturer's devices. 

115°C, Linear Technology is, however, unwilling to place a maximum specification 

Note 2: These specifications apply for Viy = 20V, f= 20kHz. T= 25°C un- on its data sheet which cannot be met or guaranteed. 

less otherwise noted. Note 4: Standby current does not include the oscillator charging current, 


error and current limit dividers, and the outputs are open circuit. 


pn 
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NOTES 


- LER 


J WU 


FEATURES 


@ Undervoltage Lockout with Hysteresis 

@ Guaranteed 1% 5.1V Reference 

«= Guaranteed 10mV/1000 Hr Long Term Stability 
= Latching PWM 

@ 8V to 35V Operation 

= 100Hz to 400kHz Oscillator 

= 400mA Source and Sink Current 


APPLICATIONS 


= Switching Power Supplies 
= Motor Speed Control 
= Power Converters 


LT/SG1525A, LT/SG3525A 
LT/SG1527A, LT/SG3527A 


Regulating Pulse Width 
Modulators 


DESCRIPTION 


The LT1525A and LT1527A are improved general pur- 
pose switching regulator control circuits. Included on the 
chip are a trimmed 1% voltage subsurface zener refer- 
ence, oscillator, comparator and high current class B 
totem pole output drivers. Included in the design of the 
LT1525A are easy synchronization to an external clock, 
soft-start and adjustable deadtime control. A shutdown 
pin allows instantaneous shutdown. 


The LT1525A and LT1527A differ only in their output 
logic phasing. The LT1525A has a Jow output during the 
“‘off’’ state, while the LT1527A has a high output during 
the ‘‘off’’ state. Both devices have undervoltage lockout 
with about 0.5V hysteresis, giving reliable operation even 
with slowly varying supplies. 


The combination of improved features and advanced 
processing for high reliability make Linear Technology’s 
switching regulators a supreme choice. 


BLOCK DIAGRAM 


REFERENCE 
REGULATOR 
TO 
INTERNAL 


CIRCUITRY 
OSC OUTPUT 
4 


DISCHARGE 


COMPENSATION. 9 


INV INPUT tot = 


NI INPUT 


nN 


SOFT-START 


@ 


SHUTDOWN 10: 


———_—— 


J 


: 


LT1525A Start-Up 


L, 


14 
OUTPUT B 


Vout (¥) 


oie 
= OUTPUT STAG! 4 


OUTPUT A 
11 


Ea 


6 
Vin (V) 


OUTPUT B 
14 


= 
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LT/SG1525A, LT/SG3525A 
LT/SG1527A, LT/SG3527A 


ABSOLUTE MAXIMUM RATINGS 


PACKAGE/ORDER INFORMATION 


ANote'1) ] ORDER PART | 
Supply Voltage(+Vin) ...............00. +40V Top VIEW NUMBER 
Logicinputs ...............00. —0,3V to +5.5V sven ' 
Analoginputs .................. —0.3V to + Vin LT1525AJ 
Output Current, SourceorSink ............ 500mA NUINPUT Vin LT1527AJ 
Reference OutputCurrent ................. 50mA sync [3] OUTPUT B LT3525AJ 
Oscillator Charging Current ..........0...0.. 5mA eee ‘ LT3527AJ 
Power Dissipation at Ta = + 25°C (Note 2)... 1000mW : LT3525AN 
Thermal Resistance: Junction to Ambient... 100°C/W Gy apaun LT3527AN 
Power Dissipation at Tc = + 25°C (Note 3)... 2000mW Ry [6] QUTPUT A SG1525AJ 
Thermal Resistance: Junction toCase ...... 60°C /W pISGHARGE shuTooWN SG1527AJ 
Operating Temperature Range SG3525AJ 

1525A; 1527A is sooo su wsaanes ~55°C to 150°C eee! Pe] COMPENSATION | OE 357AI 

3525A, 3527A.............---00- 0°C to 70°C oR MGENe <AeeNaeTe SG3525AN 
Storage Temperature ome eae —65°C to 150°C $G3527AN 
Lead Temperature (Soldering, 10sec.) ..... +300°C os 
RECOMMENDED OPERATING CONDITIONS 
(Note 4) 
Input Voltage(+Vin)...........0.. +8Vto+35V  -ReferenceLoad Current ............. OmA to 20mA 
Collector Supply Voltage (Vc) ...... +4.5Vto+35V —— Oscillator Frequency Range........ 100Hz to 400kHz 
Sink/Source Load Current Oscillator Timing Resistor............ 2kQ to 150kO 

(Steady State) ........0..00008, OmAto100mA Oscillator Timing Capacitor........ 0.001 pF to 0.1 uF 
Sink/ Source Load Current (Peak) ..... OmAto400mA  Deadtime Resistor Range.............. 00 to 5000 
ELECTRICAL CHARACTERISTICS Vin = + 20V unless otherwise noted 

LT1525A [ sci5258 i 
PARAMETER CONOITIONS LT1527A $G1527A UNITS 
MIN TYP MAX | MIN TYP MAX 

REFERENCE SECTION 
Output Voltage T= 25°C 5.05 5.10 5.15 5.05 5.10 5.15 V 
Line Regulation Vin = 8V to 35V 5 10 [ 10 20 mV 
Load Regulation \,=O0mA to 20mA 20 50 20 50 mV 
Temperature Stability 20 50 20 50 mV 
Total Output Variation Line, Load, and Temperature §0 51 52 §0 51 52 v 
Short Circuit Current Vrer = 0, Tj = 25°C 80 100 80 100 mA 
Output Noise Voltage 1OHz< f= 10kHz, 1; = 25°C 40 200 40 200 =r] pVirms 
Long Term Stability T= 125°C 1 10 20 «50 mv/VKhr 
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LT/SG1525A, LT/SG3525A 
LT/SG1527A, LT/SG3527A 


ELECTRICAL CHARACTERISTICS 


LT1525A $G1525A 


PARAMETER CONDITIONS LT1527A $G1527A UNITS 
MIN TYP MAX MIN TYP MAX 

OSCILLATOR SECTION (Note 6) 

Initial Accuracy T;=25°C (Note 6) 2 6 2 6 % 
Voltage Stability Vin =8V to 35V 0.5 1 03 1 | % 
Temperature Stability 3 6 3 6 % 
Minimum Frequency Ry = 150k, Cy =0. 1 pF 100 100 Hz 
Maximum Frequency Ry = 2kQ, Cr = inF 400 kHz 
Current Mirror ‘ \at = 2MA 1.7 20 2.2 2.0 2.2 mA 
Clock Amplitude 3.0 3.5 3.5 v 
Clock Width Jj=25°C 03 #05 1 05 1 us 
Sync Threshold 12 20 28 2.0 2.8 V 
Sync Input Current Sync Voltage = 3.5V 1.0 2.5 1.0 2.5 mA 


ERROR AMPLIFIER SECTION (Vow =5.1¥) 


\nput Offset Voltage mV 
Input Bias Current pA 
Input Otfset Current pA 
DC Open Loop Gain R.> 10MQ dB 
Gain Bandwidth Product Ay=0dB, Tj =25°C (Note 5) MHz 
Output Low Level eh ee et eee 


Output High Level 
Common Mode Rejection 
Supply Voltage Rejection 
PWM COMPARATOR 
Minimum Duty Cycle 


Vom = 1.5V to 5.2V 


Maximum Duty Cycle 


Input Threshold 


Zero Duty Cycle (Note 6) 


Input Threshold 


Max Duty Cycle (Note 6) 


Input Bias Current 
SOFT-START SECTION 


Soft-Start Current 
Soft-Start Voltage 
Shutdown input Current 


Vsutoown = OV 
Vsyutoown = 2V 
VsHuToown = 2-5V 


OUTPUT DRIVERS (Each Output) (Vc =20V) 
Undervoltage Lockout Hysteresis 


Output Low Level 


Isink = 20mA 
Isink = 100MA 


Output High Level 


Isource = 20mA 
Isource = 100MA 


Undervoltage Lockout 


Vcomp and Vss = High 


Collector Leakage 


Vo =a5V (Note 7) 


Rise Time C, = inF, Tj= 25°C (Note 5) 

Fall Time | G.=inF, T)= 25°C (Note 5) 
Shutdown Delay | Vsp=3V, Cs=0, Tj=25°C (Note 5) 
TOTAL STANDBY CURRENT 

Supply Current Vin =35V 


LT WAR 
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LT/SG1525A, LT/SG3525A 
LT/SG1527A, LT/SG3527A 


ELECTRICAL CHARACTERISTICS 


LT3525A $G3525A 
PARAMETER CONDITIONS LT3527A SG3527A UNITS 
_| MIN TYP MIN TYP MAX 
REFERENCE SECTION 
Output Voltage T,=25°C 5.05 5.10 5.15 5.00 5.10 5.20 v 
Line Regulation Vin = 8V to 35V mV 


Load Regulation 


IL =OmA to 20mA | 

Temperature Stability mV 
Total Output Variation Line, Load, and Temperature 

Short Circuit Current Vacr=0, T}=25°C mA 
Qutput Noise Voltage 10Hz< f= 10kHz, T)= 25°C pVrms 
Long Term Stability T,= 125°C mV/khr 
OSCILLATOR SECTION (Note 6) 

Initial Accuracy T;=25°C (Note 6) 2 2 6 % 
Voltage Stability Vin =8V to 35V e 0.5 1 2 % 
Temperature Stability e 3 6 3°Ci«* % 
Minimum Frequency Rr = 150kQ, Cy =0.1hF e 100 100 Hz 
Maximum Frequency Ry = 2k, Cy = 1nF e 400 400 kHz 
Current Mirror Ipy = 2MA |e 17° 20 2.2 17 20 22 mA 
Clock Amplitude [e| 30 35 3.0 3.5 V 
Clock Width T,=25°C 03 #05 1.0 {| 03 05 1.0 us 
Sync Threshold 12 20 28 12 20 28 V 
Sync Input Current Sync Voltage = 3.5V e 10 2.5 1.0 2.5 mA 


ERROR AMPLIFIER SECTION (Vom =5.1V¥) 
Input Offset Voltage 
Input Bias Current 
Input Offset Current 

DC Open Loop Gain 
Gain Bandwidth Product 


R= 10M0 


Output Low Level 

Output High Level 

Common Mode Rejection Vom = 1.5V to 5.2V 
Supply Voltage Rejection Vin = 8V to 35V 
PWM COMPARATOR 

Minimum Duty Cycle yn 

Maximum Duty Cycle 

Input Threshold Zero Duty Cycle (Note 6) 
Input Threshold 

Input Bias Current 

SOFT-START SECTION 

Soft-Start Current Vsyutpown = OV 
Soft-Start Voltage | ____Veaurpown = 2V 
Shutdown Input Current | Vsnutpown = 2.5V 
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LT/SG1525A, LT/SG3525A 
LT/SG1527A, LT/SG3527A 


ELECTRICAL CHARACTERISTICS 


LT3525A $G3525A 
PARAMETER CONDITIONS LT3527A SG3527A UNITS 
MIN TYP MAX MIN TYP MAX 


OUTPUT DRIVERS (Each Output) (Vp =20V) 
Undervoltage Lockout Hysteresis 
Output Low Level 


0.6 0.2 0.6 


\sink = 20MA 
Isink = 100mA 
\source = 20MA 


Output High Level 


Isource = 100mA 
Undervoltage Lockout Voomp and Vss = High 
Collector Leakage Vco=35V (Note 7) 
Rise Time C, = 1nF, Tj =25°C (Note 5) 
Fall Time Cy = 1nF, Tj = 25°C (Note 5) 
Shutdown Delay Vp =3V, Cg =0, T;=25°C (Note 5) 
TOTAL STANDBY CURRENT 
Supply Current Vin = 35V | e | 14-20 14-20 mA 
The @ denotes the specifications which apply of the full operating Note 5: These parameters, although guaranteed over the recommended 
temperature range. operating conditions, are not 100% tested in production. 
Note 1: Values beyond which damage may occur. Note 6: Tested at fosc=40kHz (Ry =3.6kQ, C7=0.01pF, Rp=00). 
Note 2: Derate at 10mW/°C for ambient temperatures above + 50°C. Note 7: Applies to 1525A/3525A only, due to polarity of output pulses. 


Note 3: Derate at 16mW/°C for case temperatures above + 25°C. 
Note 4: Range over which the device is functional and parameter limits 
are guaranteed. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Error Amplifier Open Loop 
Oscillator Charge Time vs Ry Oscillator Discharge Time Frequency Response 

4000 

500 
= 200 I 
oS a 
g 8 
= 100 z= 
z 
a 50 3 
w w 
Ed z 
g 20 S 
= 10 3 
& 5.0 7, q =< 

20 d ff) 

i (LEM: 

1.02.0 5.0 10 20 50100200 500 1k 2k 5k 10k 1.0 10 100 1.0k 10k 100k 1.0M 10M 


CHARGE TIME (us) DISCHARGE TIME (ps) 


f, FREQUENCY (Hz) 
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LT/SG1525A, LT/SG3525A 
LT/SG1527A, LT/SG3527A 


TYPICAL PERFORMANCE CHARACTERISTICS 


1525A Output Saturation 
Characteristics LT1527A Start-Up 


bd LOADED 10, 


SATURATION VOLTAGE (V) 
Nm 


| 
CTH 

WwW SINK SATURATION, Voy 
d| 4 

alll fll 


.01 0.02 0.05 0.10 0.2 0.5 
OUTPUT CURRENT, SOURCE OR SINK (A) 


Vout (¥} 


1525A/1527A, 1525A/1527A 


V =2.5V/01V 
H =100ns/DIV 


Vv =2.5V/DIV 
H =100ns/DIV 


OUTPUT CURRENT 
100mA/DIV 
100ns/DIV 


§ OUTPUT CURRENT 
100mA/DIV 
100ns/DIV 


APPLICATIONS INFORMATION 

Shutdown Options 

1. An external open collector comparator or transistor © 2. Shutdown can also be accomplished by pulling down 
can be used to pull down the compensation pin (9). on the soft-start pin (8). When using this approach, 
This will set the PWM latch and turn off both outputs. shutdown will not affect the amplifier compensation 
Pulse-by-pulse protection can be accomplished if the network; however, if a soft-start capacitor is used, it 
shutdown signal is momentary, since the PWM latch must be discharged, possibly slowing shutdown 
will be reset with each clock pulse. response. 
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APPLICATIONS INFORMATION 


3. 


Applying a positive-going signal to the shutdown pin 
(10) will provide the most rapid shutdown of the out- 
puts if a soft-start capacitor is not used at pin 8. An 
external soft-start capacitor at pin 8 will slow shut- 
down response due to the discharge time of the soft- 
start capacitor. Discharge current is approximately 
twice the charging current. 


LT/SG1525A, LT/SG3525A 
LT/SG1527A, LT/SG3527A 


4. The shutdown terminal can be used to set the PWM 


latch on a pulse-by-pulse basis if there is no external 
capacitance on pin 8. Soft-start characteristics may 
still be achieved by applying an external capacitor, 
blocking diode and charging resistor to the compen- 
sation pin (9). 


TYPICAL APPLICATIONS 


Single Ended Supply 


OUTPUT 


FOR SINGLE ENDED SUPPLIES, THE DRIVER 
OUTPUTS ARE GROUNDED. THE +Vc TERMINAL 
IS SWITCHED TO GROUND BY THE TOTEM- 

POLE SOURCE TRANSISTORS ON EVERY 
OSCILLATOR CYCLE. 


Power FETs Push-Pull Supply 


THE LOW SOURCE IMPEDANCE OF THE 
OUTPUT DRIVERS PROVIDES RAPID CHARGING 
OF POWER FET INPUT CAPACITANCE, 

WHILE MINIMIZING EXTERNAL COMPONENTS. 


AT WR 


Bipolar Push-Pull Supply 


yt 


IN CONVENTIONAL PUSH-PULL BIPOLAR 
DESIGNS, FORWARD BASE DRIVE |S 
CONTROLLED BY R1-R3. RAPID TURN-OFF 
TIMES FOR THE POWER DEVICES ARE 
ACHIEVED WITH SPEED-UP CAPACITORS C1 
AND C2. 


Driving Transformers Directly 


LOW POWER TRANSFORMERS CAN BE DRIVEN 
DIRECTLY BY THE 1525A. AUTOMATIC RESET 
OCCURS DURING DEAOTIME, WHEN BOTH 
ENDS OF THE PRIMARY WINDING ARE 


SWITCHED TO GROUND. 


LT/SG1525A, LT/SG3525A 
LT/SG1527A, LT/SG3527A 


TEST CIRCUIT 


Vrer 


- REFERENCE : 


wt 


OO Om > Vrcr 
SHUTDOWN 


PACKAGE DESCRIPTION 


16 Pin Cavity DIP (J) 16 Pin Molded DIP (N) 


0.25040.005 0.0: 


(635040.127) (0.889) 


689) 
RAD 
Too a oro wo 


0.009 -0.01: 0.018 + 0.003 


1 
(0.220-0.279) 0.125, 


0.080.012 0.050 0.080 0.005 us (0.45720.076) 
(0.203 -0.505) k (2.0324 0.1271 r G10) 
(3.175 WAX : . 9.040 
0.3854. 0.005 0.19040,010 29:829.002 asaoy For 
(8.77920.635) 54020258) eG es7s0.057) (6288 “OS 


OA 
100°C/W 


LT/SG1525AJ 
LT/SG1527A) 


Tmax 8jn Sic 
LT/SG3525AN | 105°C 4 100°C/W | 60°C/W 
LT/SG3527AN 
LT/SG3525AJ 100°C/W | 60°C/W 
LT/SG3527AJ 
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FEATURES 


m 8V to 35V Operation 

= Guaranteed + 1% 5V Reference 

= Guaranteed 10mV/1000 Hrs. Long Term Stability 

= Guaranteed +3% Oscillator Temperature Stability 
= Undervoltage Lockout 

= 100mA Source/Sink Outputs 


APPLICATIONS 


a Switching Power Supplies 
= Motor Speed Control 
= Power Converters 


BLOCK DIAGRAM 


TO INTERNAL 
CIRCUITRY 


LT1526/LT3526 


Regulating Pulse Width 
Modulator 


DESCRIPTION 


The LT1526 is an improved general purpose switching 
regulator control ciruit. Included on the chip are a 1% volt- 
age reference, oscillator, error amplifier, pulse width 
modulator and low impedance output drivers. Also in- 
cluded are protective features such as a current limit com- 
parator, undervoltage lockout, soft-start circuitry, and 
adjustable deadtime. This versatile device can be used to 
implement single-ended or push-pull switching regulators 
of either polarity, both transformerless and transformer- 
coupled. 


Although pin-for-pin and functionally compatible with in- 
dustry standard 1526 and 3526 devices, Linear Technology 
has incorporated several improvements in the design of 
the LT1526. A subsurface zener has been used to provide 
excellent reference voltage stability and the reference of- 
fers improved line regulation and load regulation. The cur- 
rent limit comparator sense voltage initial accuracy and 
temperature stability have been greatly improved. 


The combination of improved features and advanced lin- 
ear processing for high reliability make Linear Technol- 
ogy’s switching regulators a superior choice. 


Reference Line Regulation 


eounwan 


1 
on = 


REFERENCE VOLTAGE CHANGE (mV) 


20 
+Vin (V) 
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LT1526/LT3526 


ABSOLUTE MAXIMUM RATINGS 


(Note 1) 
Input Voltage (+Vin).......cccseceeeeee Aes ted +40V 
Collector Supply Voltage (+Vc).........ccecceeees +40V 
Logic InputS...........ccseseseeeeeeees -0.3V to +5.5V 
Analog Inputs.............cccaeeeseeees -0.3V to + Vin 
Source/Sink Load Current (each output)........... 200mA 
Reference Load Current...........scesseeeseeeeees 50mA 
Logic Sink Current.........cccccsseeseceeeeeeerees 15mA 
Operating Junction Temperature Range 

LIS 26 ic sev tacaa ve stia eveaertens ~ 55°C to + 150°C 

LT 8926 viv scceekeiv eects cheasieeered 0°C to + 125°C 
Storage Temperature Range.......... ~ 65°C to + 150°C 
Lead Temperature (Soldering, 10sec)............ + 300°C 


PACKAGE/ORDER INFORMATION 


c_ : a aren | 
Tape ORDER PART 
+ERROR VReF NUMBER 
—ERROR +Vin 
COMPENSATION OUTPUT B 
Csortstart L4) GROUND LT1526J 
Reset [5] +VcoLLEcTOR LT3526J 
- CURRENT SENSE [6] OUTPUT A LT3526N 
+ CURRENT SENSE SYNC 
SHUTDOWN [8 } RDEADTIME 
Brains [9 | Cringe 
J PACKAGE N PACKAGE 
z 18 PIN HERMETIC 18 PIN PLASTIC 


RECOMMENDED OPERATING CONDITIONS (ote 


Input Voltage..........cce cece eee eeee eee +8V to +35V 
Collector Supply Voltage............... +4.5V to +35V 


Sink/Source Load Current (each output)... OmA to 100mA 


Reference Load Current.............0055 ~5mA to 20mA 


Oscillator Frequency Range............... 1Hz to 400kHz 
Oscillator Timing Resistor.................. 2k0 to 150k 
Oscillator Timing Capacitor..............68. 1nF to 20uF 
Available Deadtime Range at 40kHz.......... 3% to 50% 


ELECTRICAL CHARACTERISTICS 


(+ Viy = 15V, and over operating junction temperature, uniess otherwise specified.) 


PARAMETER CONDITIONS 


LT1526 LT3526 | 
T 
N TYP MAX | MIN TYP MAX vars 


REFERENCE SECTION (Note 3) 


Output Voltage Tj= + 25°C 

Line Regulation + Vin = 8V to 35V 

Load Regulation IL= -—5mA to +20mA mV 
Temperature Stability mV 
Total Output Over Recommended v 
Voltage Range Operating Conditions 


Short Circuit Current mA 
Long Term Stability mViVkhr 
UNDERVOLTAGE LOCKOUT 

RESET Output Voltage Veer = 3.8V 0.2 04 0.2 04 Vv 
RESET Output Voltage Vrer = 4.8V 24 48 24 48 Vv 
OSCILLATOR SECTION (Note 4) 


Initial Accuracy 
Voltage Stability 


Temperature Stability 
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LT1526/LT 3526 


ELECTRICAL CHARACTERISTICS 


(+Viy= 15V, and over operating junction temperature, unless otherwise specitied.) 


PARAMETER CONDITIONS 


Po: 


LT1526 


LT3526 
MAX | MIN TYP 


OSCILLATOR SECTION (Note 4) 


Minimum Frequency Rr = 150k0, Cr= 20uF 


Maximum Frequency 
Sawtooth Peak Voltage 
Sawtooth Valley Voltage 
ERROR AMPLIFIER SECTION (Note 5) 


Rr=2k0, Cr=1.0nF 


Input Offset Voltage Rg <2k0 2 5 2 10 mV 
Input Bias Current - 350 ~ 1000 ~ 350 ~ 2000 nA 
Input Offset Current 35 100 35 200 nA 
DC Open Loop Gain R.>10MQ 72 60 72 dB 
High Output Voltage Vpint — Vping2 150MV, Isource = 1002A 42 3.6 4.2 v 
Low Output Voltage Vpin2 — Vpini = 150MV, Isink = 100pA 0.2 0.4 0.2 0.4 Vv 
Common-Mode Rejection As <2k0 70 94 70 94 dB 
Supply Voltage Rejection + Vin= 12V to 18V 66 80 66 80 dB 
PWM COMPARATOR (Note 4) 
Minimum Duty Cycle Veompensation= +0.4V e 0 0 — | % 
Maximum Duty Cycle Veompensation = + 3.6V @| 45 49 45 49 % 
DIGITAL PORTS (SYNC, SHUTDOWN, and RESET) 
HIGH Output Voltage Isource = 408A 24 4.0 24 4.0 v 
LOW Output Voltage Isink = 3.6MA 0.2 0.4 0.2 0.4 v 
HIGH Input Current Vin= +2.4V -125 — 200 ~ 125 -200 pA 
~225 - 360 ~ 225 - 360 pA 


LOW Input Current Vis +0.4V 

CURRENT LIMIT COMPARATOR (Note 6) 

Sense Voltage Rg <500 90 100 110 80 100 120 mV 

Input Bias Current e -3 -10 -3 -10 pA 

SOFT-START SECTION 

Error Clamp Voltage RESET = +0.4V e 0.1 0.4 0.1 0.4 Vv 

Cs Charging Current RESET = +2.4V e@| 50 100 150 50 100 150 A 

OUTPUT DRIVERS (Each Output) {Note 7) 

HIGH Output Voltage Isource = 20MA 125 13.5 12.5 13.5 Vv 
Isource = 100MA v 

LOW Output Voltage Isin.= 20mA : 


\sink = 400mA 
Vc=40V 
CL=1000pF 


Collector Leakage 
Rise Time 


Fall Time CL= 1000pF 
POWER CONSUMPTION (Note 8) 
Standby Current SHUTDOWN = + 0.4V | e 18 30 18 


The @ denotes specifications that apply over the full operating tempera- 
ture range. 


The shaded electrical specifications indicate those parameters which have 
been improved or guaranteed test limits provided for the first time. 


Note 1: Values beyond which damage may occur. 
Note 2: Range over which the device is functional and parameter limits are 
guaranteed. 


Note 3: 1, =OmA. 

Note 4: fog¢ = 40kHz (Ry = 4.12k 2 1%, C7 = 0.01 nF + 1%, Rp = 00). 

Note 5: Voy =O0V to +5.2V. 

Note 6: Voy, =0 to Viy — 3V. The current limit sense voltage for the LT1526 is 
80mV <Vsense< 120mV for temperatures less than 0°C or greater than 125°C. 


Note 7: Vo= + 15V. 
Note 8: +Vjy= +35V, Ry =4.12k0. 


ce 


AT WER 
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LT1526/LT 3526 


TYPICAL PERFORMANCE CHARACTERISTICS 


Reference Voltage vs Supply 
Voltage 


REFERENCE VOLTAGE (V) 


0 10 20 30 40 


10 100 1k 10k 
RIPPLE FREQUENCY (Hz) 


Oscillator Period vs Ry and Cy 
200 


REFERENCE VOLTAGE CHANGE (mV) 


—75 
—75—-50-25 0 


SHUTDOWN VOLTAGE (V) 


9 
0 20 40 
DIFFERENTIAL INPUT VOLTAGE (mV) 


Reference Temperature Stability 


25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


Current Limit Comparator Transfer 
Function 


60 80 100 120 140 160 180 200 


Ryo=0a 
100 
50 

DAA SREY ES SAS SPREAD 8T ST 
20 OL DOF PR OL OF OF iL PLL EPL LOLS 
= CA SSS SS SLI GSS | SS SSS 
rl 
= 10 


1 
ys Sps 10us 20us  50~S 100ys 200us 500us ims 2ms 


OSCILLATOR PERIOD 


SENSE VOLTAGE (mV) REFERENCE SHORT CIRCUIT CURRENT (mA) 


OSCILLATOR FREQUENCY CHANGE (%) 


Reference Short Circuit Current 


0 
—75 -50-25 0 2 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


Current Limit Comparator Sense 
Voltage 


80 
—75~50-25 0 2 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


Oscillator Frequency Temperature 
Stability 


fog¢=40kHz 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Error Amplifier Open Loop Gain vs 
Frequency 
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APPLICATIONS INFORMATION 


FUNCTIONAL DESCRIPTION AND PIN FUNCTION 
Voltage Reference 


The reference regulator (pin 18) supplies a regulated 5.0V 
to all internal circuitry, as well as up to 20mA for external 
circuitry. It is fully active at supply voltages (pin 17) of 8V 
and greater. 


The LT1526 can operate from a 5V supply by connecting 
+ Vin to Var (pin 18 to pin 17) and maintaining the supply 
between 4.8V and 5.2V. 


Undervoltage Lockout 


The undervoltage lockout circuitry protects both the 
switching regulator and the power devices it controls from 
inadequate supply voltage, which can result in unstable 
conirol circuitry. If +Vin is too low, the circuit turns off 
the output drivers, holds RESET (pin 5) low and the soft- 
start capacitor in a discharged state. 


Soft-Start 


The soft-start circuitry protects the power devices from 
high surge currents during power supply turn-on by limit- 
ing the available PWM duty cycle. 


When + Vin reaches a sufficient voltage to allow RESET to 
go high, a 100zA current source charges the external Cs 
capacitor (pin 4) linearly to 5V. The ERROR AMPLIFIER 
output is clamped to 600mV above the Cs voltage, and the 
available duty cycle of the PWM increases linearly. Maxi- 
mum duty cycle is available when the Cs voltage reaches 
about 3V. 


Digital Control Ports 


The three digital control ports are bidirectional. Each port 
can drive TTL and 5V CMOS logic directly. They can also 
be driven by open-collector TTL, open-drain CMOS, and 
open-collector voltage comparators. 


Driving SYNC (pin 12) low causes a discharge cycle in the 
oscillator. Driving SHUTDOWN (pin 8) low causes the out- 
puts to turn off. Driving RESET (pin 5) low causes the out- 
puts to turn off and discharges the Cs capacitor. 


Oscillator 


The internal oscillator circuitry sets the frequency of 
operation for the switching regulator. Frequency is set by 
Ry (pin 9), Cr (pin 10), and Rp (pin 11). With Rp=08, the 
values for Ry and Cr may be chosen from the oscillator 
period graph. If the desired deadtime is increased, the 
value of Rr may need to be decreased to maintain the de- 
sired frequency. 


The frequency at either output is half that of the oscillator, 
and the frequency at +Vc (pin 14) is equal to the 
oscillator. 


Synchronous Operation 


Two or more switching regulators may be synchronized by 
setting the master to the desired frequency and sharing 
the oscillator signals with the slave units. Slave Cr pins 
are tied to the master Cy pin, and slave SYNC pins are tied 
to the master SYNC pin. Slave Ry and Rp pins are left 
open. 

External logic synchronization can be used by setting the 
oscillator period to be 10% longer than the external clock 
period, and connecting the external clock to the SYNC pin. 

A periodic low of about 0.5ps wide will lock the oscillator 
to the external frequency. 


Error Amplifier 


The differential input (pins 1 and 2), single-ended output 
(pin 3) transconductance amplifier provides about 70dB of 
gain. The output has an impedance of 2MQ, and since all 
voltage gain occurs at the output, the gain characteristics 
can be controlled with shunt reactance to ground. 


Output Drivers 


The totem-pole output drivers can source and sink 100mA 
continuously and 200mA peak. The outputs are driven 
180° out of phase by the flip-flop. Loads can be driven ei- 
ther from the outputs or the + Vc pin. Since large transient 
currents occur within the output stages during switching, 
a resistor is recommended in series with + Vc (pin 14) to 
limit the peak current. The resistor value should be 
+Vcl200mA. 
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APPLICATIONS INFORMATION 


Current Limit 


The current limit comparator turns off the outputs when _sis is built into the trip point, of about 10mV, to prevent 
the input voltage (pin 7 to pin 6) exceeds 100mV. Hystere- —_ oscillations. 


TYPICAL APPLICATIONS 


Single Ended Supply Bipolar Push-Pull Supply Driving Transformers Directly 


= IN CONVENTIONAL BIPOLAR PUSH-PULL DESIGNS, 
FORWARD BASE DRIVE IS CONTROLLED BY R1-R3. 

FOR SINGLE ENDED SUPPLIES, THE DRIVER RAPID TURN-OFF TIMES FOR THE POWER DEVICES 

OUTPUTS ARE GROUNDED. THE +Vc TER- ARE ACHIEVED WITH SPEED-UP CAPACITORS C1 

MINAL 1S SWITCHED TO GROUND BY THE AND C2. 1 1OW POWER TRANSFORMERS CAN BE 

TOTEM POLE SOURCE TRANSISTORS ON = DRIVEN DIRECTLY BY THE LT1526. 

EVERY OSCILLATOR CYCLE. AUTOMATIC RESET OCCURS DURING DEAD- 
TIME, WHEN BOTH ENDS OF THE PRIMARY 
WINDING ARE SWITCHED TO GROUND. 

Power FETs Push-Pull Supply Extending Reference Output Current Oscillator Connections 
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TYPICAL APPLICATIONS 


MAX 


0.01 aF —— 0.001 uF 


COMP 1D 
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LT1526 Lab Test Fixture 
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TI 


38 = 
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AVgg(m¥) 
10 = 
PACKAGE DESCRIPTION J Package 
18 Lead Ceramic DIP 
0.290-9.320 9.160 
emer] 48 SRE 
(C508-1.778) 
95° 5° 0.008-0.012 90° + 4° | 
(0.203-0.306) 
0.985 + 0.025 0.060 ILL 0.018 + 0.003 
Rear) i1-524) aan cameron {0.457 0.076) en 9 [ o% | 
a (2540 0.254) bad iso°c_ | 100°C/W 
N Package 
0.310: 0.010 if 
agena sass 18 Lead Plastic DIP 


” vena! 


OF 


0.130 
oto (2.902) 
ox 0.125, ¥ 
B.175} 
MIN 


0.009—-0.011 0.030-0.060 
(0.229 ~0.279) (1.016) {2.540} 40.762 = 1.524) 

+0.025 MAX ; a a 
25 —0.015_ 0.014—0.023, San ax ee [ a - 
(e255 anes © o_O) REE: 725°C 100 T 
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FEATURES 


= Automatic Feed-Forward Compensation 

® Programmable Pulse-by-Pulse Current Limiting 
m +1% Bandgap Reference 

= Undervoltage Lockout 

= External Shutdown 

® Dual 200mA Totem Pole Outputs 

= Double Pulse Suppression 

» Soft-Start Capability 

= Direct Replacement for UC1846, UC1847 


APPLICATIONS 

» Switching Power Supplies 
= Motor Speed Control 

= Power Converters 


LT1846/1847, LT3846/3847 


Current Mode PWM Controller 
DESCRIPTION 


The LT1846 family of control ICs contains all necessary 
circuitry to implement fixed frequency, fixed output volt- 
age, current mode control schemes. Current mode control 
loops are easy to design and compensate, and provide 
superior transient line regulation, inherent pulse-by-pulse 
current limiting, and automatic symmetry correction for 
push-pull converters. In addition, the LT1846 has built-in 
undervoltage lockout with hysteresis to prevent oscilla- 
tions near the threshold, soft-start capability, and can be 
shut down instantaneously by an external logic level. In- 
ternal logic prevents double-pulsing and output overlap. 


The oscillator circuitry of the T1846 allows the user to 
adjust output deadtime as well as frequency and also pro- 
vides a bidirectional sync pin to allow paralleling power 
modules. 


Both the internal error amplifier and current sense ampli- 
fiers operate over a wide common-mode range to allow de- 
sign flexibility. The dual outputs provide active pull up/pull 
down, ideal for driving bipolar or FET switches. The in- 
ternal reference regulator provides excellent stability for 
changes in line, load, and temperature. The LT1846 out- 
puts are low in the off state while the LT1847 outputs are 
high in the off state. 
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ABSOLUTE MAXIMUM RATINGS 


PACKAGE/ORDER INFORMATION 


Input Offset Current 


(Note 1) 
Supply Voltage (Pin 15)........c..ccccceeseeeeee ees +40V ORDER PART 
Collector Supply Voltage (Pin 13)............0..0005 +40V ee NUMBER 
Output Current, Source or Sink (Pins 11, 14)........ 500mA CURRENT LiMIT/ 74 SHUTOOWN 
Analog Inputs (Pins 3, 4, 5,6, 16)........... -03Vto +Vin baal vn rie 
Reference Output Current (Pin 2) ...............6. -30mA (—) CURRENT SENSE BOUT (73846) 
Sync Output Current (Pin 10)..............se0eeeee -5mA (-+) CURRENT SENSE [4] Ve LT3847J 
Error Amplifier Output Current (Pin 7)............. -5mA een ries LT3846N 
Soft Start Sink Current (Pin 1) ...........csceeeeees 50mA maken =e LT3847N 
Oscillator Charging Current (Pin 9) .............c0005 5mA orf FS] pr 
Operating Temperature Range ele patie 

LT1846/1847 ........c cee ccs eee eee es — 55°C to + 125°C 16-LEAD CERAMIC DIP 16-LEAD PLASTIC DIP 

LT3846/3847 0.0... .ccceceeseeeeeeeeenenes 0°C to 70°C 
Power Dissipation at Ta = 25°C (Note 2)......... 1000mW 
Power Dissipation at Tc = 25°C (Note 3)......... 2000mW 
Thermal Resistance, Junction to Ambient ....... 100°C/W 
Thermal Resistance, Junction to Case............ 60°CIW 
Storage Temperature Range........... ~ 66°C to + 150°C 
Lead Temperature (Soldering, 10sec) ............ +300°C 
ELECTRICAL CHARACTERISTICS (Notes 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Reference Voltage 
Output Voltage Tj = 26°C, Io = 1mMA §.05 510 5.15 | 500 510 5.20 V 
Line Regulation Vin = 8V to 40V 5 20 5 20 mV 
Load Regulation IL = 1mA to 10mA 3 15 3 15 mV 
Temperature Stability Over Operating Range, (Note 5) 0.4 0.4 mvVi°C 
Total Output Variation Line, Load, and Temperature (Note 5) 5.00 5.20 4.95 5.25 v 
Output Noise Voltage 10Hz < f < 10kHz, T; = 25°C (Note 5) 100 100 yV 
Long Term Stability Tj = 125°C, 1000Hrs., (Note 5) 5 5 mV 
Short Circuit Output Current. | Vper = OV -10 -45 ~10  -45 mA 
Oscillator Section 
Initial Accuracy | T= 25°C = Er | ee kHz 
Voltage Accuracy Vin = 8V to 40V -1 +2 -1 +2 % 
Temperature Stability Over Operating Range (Note 5) le | -1 -1 i % 
Sync Output High Level fe} 39 435 39 4.35 V 
Sync Output Low Level |e | 23 25 23 25 V 
Sync Input High Level 3.0 3.9 3.0 7] 
Sync Input Low Level a 3.0 25 3.0 25 at V 
Sync Input Current Sync Voltage = 5.25V, Pin8 = OV le | 0.7 1.5 07 1.5 mA 
Error Amp Section 
Input Offset Voltage | @| 05 5 | 05 10 mV 
Input Bias Current a k 


Common-Mode Range Vin = 8V to 40V 
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ELECTRICAL CHARACTERISTICS Wote4 


LT1846/LT1847 LT3846/LT3847 
PARAMETER CONDITIONS ‘+ MIN. TYP MAX MIN. TYP MAX UNITS 
Error Amp Section (Cont.) 
Open Loop VoltageGain | Vg = 1.2Vt03V 80-105 
Unity Gain Bandwidth 0.7 1.0 
CMRR Vom = OV to 38V, Viy = 40V 75 100 
PSRR Vin = 8V to 40V 80 105 
Output Sink Current Vip = —15mV to -5V, Vpin7 = 1.2¥ 2 6 
Output Source Current Vip = 15mV to 5V, Vpin7 = 2.0V -04 -05 
High Level Output Voltage | R, (Pin 7} = 15k2 43 46 
Low Level Output Voltage R, (Pin 7) = 15k2 0.7 
Current Sense Amplifier Section 
Amplifier Gain |_Vpins = OV, Pin 1 Open (Notes 6 & 7) 25 28 3 2.5 28 3 VN 
Maximum Differential Pin 1 Open (Note 6) WW 1.2 11 12 Vv 
Input Signal (Vena - Veins) | Ru (Pin 7) = 15k0 i 
Input Offset Voltage Vein = 0.5V 5 | 5 6 mv 
_ | Pin 7 Open (Note 6) 
CMRR Vou = 1V to 12V =I aB 
PSRR ve = 8V to 40V 


Input Bias Current Vpin1 = 0.5V, Pin 7 Open (Note 6) 
Input Offset Current Vpin1 = 0.5V, Pin 7 Open (Note 6) 
Input Common-Mode Range 
Delay to Outputs 
Current Limit Adjust Section 
Current Limit Offset 


Tj = 25°C, (Note 5) 


Vping = OV 
Vpin4 = OV, Pin 7 Open (Note 6) 
Vping = Vrer, Veing = OV 


Input Bias Current 
Shutdown Terminal Section 
Threshold Voltage 

Input Voltage Range 
Minimum Latching Current | (Note 8) 
(bin 1) 
Maximum Non-Latching | (Note 9) 


(pint) 
Delay to Outputs [ Wote 5), Tj = 25°C 
Output Section 
Collector-Emitter Voltage 
Collector Leakage Current ~ Lve = 40V (Note 10) 
Output Low Level Igink = 20MA 
IsinK = 100mA 
Output High Level |_'source = 20mA 
source = 100mA 
Rise Time ~_| Note §),C, = tnF, Tj = 25°C 
Fall Time __|_ (Note §), C, = nF, Tj = 25°C 
Undervoltage Lockout Section 
Start-Up Threshold 
Threshold Hysteresis 
Total Standby Current 
Supply Current (Note 11) 


AT We 


L11846/1847, LT3846/3847 


The @ denotes the specifications that apply over the full operating tem- 
perature range. 


Note 1: All voltages are with respect to Ground, pin 12. Currents are posi- 
tive into, negative out of the specified terminal. 


Note 2: Derate at 10mW/°C for T, above 50°C. 

Note 3: Derate at 16mWI°C for Tc above 25°C. 

Note 4: Unless otherwise stated Vin = 15V, Rr = 10k, Cy = 4,7nF. 

Note 5: These parameters, although guaranteed over the recommended 
operating conditions are not 100% tested in production. 

Note 6: Parameter measured at trip point of latch with Veins = Vrer, 
Veing = Ov. 


Note 7: Amplifier gain defined as 
= AVpinz. - 

G= AVme AVping = OV to 1.0V 
Note 8: Current into pin 1 guaranteed to latch circuit in shutdown state. 
Note 9. Current into pin 1 guaranteed not to latch circuit in shutdown state. 
Note 10: Applies to LT1846/3846 only due to polarity of outputs. 
Note 11: Standby currrent does not include oscillator charging current, er- 
for and current limit dividers, and the outputs are open circuit. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Reference Voltage vs 
Standby Current vs Vin Temperature Output Rise and Fall Time 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Oscillator Frequency vs 
Temperature 
6 


Reference Current Limit 


Current Limit Offset vs 
Temperature 
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Current Sense Amplifier Gain 
vs Temperature 
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APPLICATIONS INFORMATION 


Current Mode Control 


Current mode controllers directly control peak inductor 
current with the error signal rather than controlling the 
duty cycle of the PWM as conventional controllers do. 
There are several inherent advantages in this type of 
control. 


Current mode controllers are easier to frequency compen- 
sate. Peak inductor current is forced to follow the error 
signal and can change only if the error signal changes. 
This forces the inductor to act like a constant current 
source at mid frequencies and the order of the system can 
be reduced by one, eliminating 90° of phase shift. 


LT WW 


Peak current on a pulse-by-pulse basis can be limited by 
simply limiting the positive swing of the error amplifier. 


Transient line regulation is greatly improved. A change in 
the line voltage causes a change in the slope of the induc- 
tor current. This means that the time it takes for the induc- 
tor current to reach the peak control value automatically 
changes, and requires very little change in the output of 
the error amp. Since transient response is limited by the 
integrator response of the error amplifier, excellent line 
transient response is obtained if the error amplifier output 
does not have to change. 
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APPLICATIONS INFORMATION 


With current mode conirol, some amount of slope com- 
pensation is required to prevent oscillations for duty cy- 
cles greater than 50%. Slope compensation can also be 
used to decrease noise sensitivity for low values of induc- 
tor current ripple, and to prevent subharmonic oscillations 
in the inductor current. 


Shutdown/Soft Start 


A logic high at pin 16 will initiate a shutdown cycle. During 
a shutdown cycle, both outputs are held off and pins 1 and 
7 are pulled low. If pin 1 current (Ipin 1 = Vrer/Ry) is less 
than the latch threshold current, typically 1.5mA (see Elec- 
trical Characteristics}, the device will restart at the end of 
the shutdown pulse. If pin 1 current is greater than the 
Jatch threshold current, the device will latch off until 
power is recycled. 


Ver 


1] CURRENT 


Soft start is accomplished by the addition of a capacitor 
from pin 1 to ground. This forces the peak value of the 
switch current to come up slowly. Pin 16 can be left float- 
ing if the shutdown function is not used. 


Undervoltage Lockout 


The purpose of the undervoltage lockout is to prevent the 
device from switching until the internal circuitry is operat- 
ing properly. Built-in hysteresis prevents the circuit from 
oscillating at the threshold point. Pin 1 (current limit ad- 
just) and pin 7 (comp) are held low during undervoltage 
lockout, and outputs are low (LT1846) or high (LT 1847). 


Output Switches 
6 7 8 9 
Vin () 


Oscillator Section 


The frequency of the oscillator is set by an external resis- 
tor (Rr) from pin 9 to ground, and an external capacitor (Cr) 
from pin 8 to ground. Cr is charged by a constant current 
IR = Vpin 9 (~3.6VVRy, and is discharged by a constant 
current 8mA — Ip, Upper and lower trip levels are 
determined by the internal circuitry, such that the oscilia- 
tor frequency is approximated by the formula 


sai 
Rr(Q)Cr(F) 


In addition, output deadtime, which is equal to the capaci- 
tor discharge time, is a function of the size of C7 and can 
be calculated according to the formula: 


Ty = 22067 /__8mA_ 
ema - 28 


Rt 
For large values of Ry (small lpr): Ty + 220Cr. 


Note that these formulas are approximations based on a 
1.75V swing at the Cr pin, and a discharge current of 8mA. 
Variations in the value of the discharge current will obvi- 
ously cause the deadtime to vary. For very short dead- 
times, fixed internal delays of approximately 100ns must 
also be added to the calculated value. Capacitor values 
less than 1000pF or deadtimes of less than 300ns are not 
recommended. This is due to the fact that at extreme cold 
temperatures the oscillator deadtime may become shorter 
than the time required to reset the current sense latch. 
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Current Limit 


Peak switch current on a pulse-by-pulse basis is a function 
of the voltage level set at pin 1 and the current sense re- 
sistor Rg, and can be determined by the formula: 


R2VREF_osy  G=lAGAIN=2,75TYP 
RI+R2 


GeRs 


Ig= 


Current Sensing 


The current sense amplifier is a differential amplifier with 
a gain of 3 anda common-mode range of 0 to Vin-3V. 
Maximum differential input signal is 1.2V. Several sensing 
schemes are possible. Direct resistive sensing is the 
simplest, but power losses in the resistor may not be 
acceptable. The use of a current sense transformer will 
increase efficiency for higher current levels, but will 
increase circuit complexity. In configurations where 
switch current is sensed, a small RC may be necessary 
to keep switch turn on transients from tripping the current 
sense latch. Without this filter, erratic operation will result 
especially at lower values of output Current. Minimum on- 
time of the output switch during a short circuit is equal to 
the delay from the current sense amplifier to the output, 
typically 200ns. This delay will be longer if a filter for 
switch transients is added. For best noise immunity, the 
signal at the current sense amplifier inputs should be as 
large as possible. 


Resistive Sensing of Switch Current with RC Filter 


SWITCH 
TRANSIENT 
SPIKE 
FILTERED 
CURRENT 
WAVEFORM 


OUTPUT 
SWITCH 
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Transformer Sensing Gives Isolation and Improved Efficiency 


ASTI 


Error Amplifier 


The error amplifier of the LT1846 can operate over a com 
mon-mode range of 0 to Vin-2V. The output stage con- 
sists of an NPN Darlington pull-down and a 0.5mA current 
source pull-up. See Typical Performance Characteristics 
for gain and phase characteristics. 


Reference Regulator 


The reference regulator provides a fixed 5.1V for internal 
circuitry as well as up to 20mA of output current for ex- 
ternal circuitry such as the current limit divider. A small 
bypass capacitor (0.1-1.0,F) from the reference pin (pin 2) 
to the ground pin (pin 12) is recommended. This capacitor 
should be located as close as possible to the device. 


Slope Compensation 


Slope compensation can be accomplished by summing a 
triangle wave derived from the oscillator waveform, with 
the inductor current waveform at the current sense am- 
plifier input or the summing node of the error amplifier as 
shown below. Slope compensation should be greater than 
42 of the downslope of the inductor current waveform. 


SLOPE 
COMPENSATION 
AT CURRENT 
SENSE AMP 


LT ee 
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TYPICAL APPLICATIONS CIRCUIT 


Push-Pull Foward Converter 


osv 5V 
100p6 PENSSY) 


PULSE ENG. 
PE 51719 


200nH 
Q1, 2—1RF520 

D1, D2—12CT0030 v 0-1 
(INTERNATIONAL RECTIFIER) ‘our (5.1V@0-10A) 
TRANSFORMER CORE— 470pF (LOW ESR) 
£C52-308 

(FERROXCUBE) 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
16-Lead Ceramic DIP ‘ais 
0.200 
0,290 ~0.320 a 21.336 
(7.37-~-8.13) | re 0.005 | MAX ; 
0.008 0.018 0.038 ~0.068 
(0.203-0.460) 0.125, (0.965 1.727) 
(3.175) 
0,385 4 0.025 hs 0.1004 0.010 0.014 0.026 
(9.790.635) (2.540 0.254) (0.36-0.66) 
0109 
Timax Sia 8c 
(T1846 150°C 100°CIW 60°C 
LT1847 
(T3846 106°C 100°C/W 60°CW 
T3847 
N Package 
16-Lead Plastic DIP 
0,065 0.770 
0,300--0.320 9.140 0.005 0.045 —0.065 Ten (19.558) 
(7620-8128) G.30240.127) Wa— 1.851) TP : / 
0.020 { 4 f 
(0.508) 0,250 0.010 
MIN “4 (E30 40.254) 
0.909-0.015 0.125 [2.05 «0 015 oll. aores0.003 
(0.229-0.381) 175) (7.143-00.38n) (0.4572 0.076) 
325 #0025 Mi 
=0.015 9.10040.010_ 
Fh nce 1 0.835), 25494 0.254) 
weiss 
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PROPRIETARY PRODUCTS 
LT685, High Speed Comparator... 20... cc cect cece ene enn t ened tb debt bb ebebbteybttbbenns 6-5 
LT1011, Voltage Comparator... 0... oc thee e cern net n ye tbe tt bet ttenttentttenentnterrnes 6-9 
LT1015, High Speed Dual Line Receiver... 0... 0... c ccc cence eect nec e nec e ett n nett eetrenttentttanetenenerns 13-6 
L11016, Ultra Fast Precision Comparator... . 2.6... occ elec cece nee cece ccc ucteuuet uy vsebettunterntetenetenetternes 6-25 
LT1016CS8, Ultra Fast Precision Comparator ..... 00.0... cc ccc cence cece eet n scene et neestuterntbtineteecenns 6-41 
LT1017, Micropower Dual Comparator... 0.0.00 ccc e cece ene c bebe seb enbetnbeetbneeucteebnntnetnnrns 6-45 
LT1018, Micropower Dual Comparator... 0.2.0.6 c ete c cnt c nc ene tebe tbenerettnetnttncttbtvebetinnes 6-45 
LT1017CS/LT1018CS, Micropower Dual Comparator... 0.0.0... cece ccc cece cc cence cece bveeeeetevettetevnbneteena 6-53 
LTC1040, Dual Micropower Comparator... 0... 0... coc ccc ec cece ete cette eee nn este ttenbteetttnttrbetnens 6-57 
LTC1041, BANG-BANG Controller... 01.0. e eee e cece c ene te beet tabs venetbettnbesbtvnenetnens 6-69 
LTC1042, Window Comparator . 1.1.6... e eee e vec e bebe ete nn eb eree sen tbtnbbtetebrrbterrns 6-77 

ENHANCED AND SECOND SOURCE PRODUCTS 
LM111/LM311, Voltage Comparator... cece tec n etc eet e tebe eben been ttetbettybetetnnsrernnas 6-85 
LTIITA/LTB11A, Improved LM117. 0.0. ccc ccc tenet etn cece denen e beep ene tebetetcntntneetbbenetbrnnnes 6-85 
LM119/LM319, DualComparator 6. e eee eee e etter btebeebb ebb tnt babtbtpbebenns 6-93 
LTIIGA/LT3I9A, Improved LM119. 0... cece ccc cette tee e cece cette eet b bet tnetberetentenenutennens 6-93 
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TECH 


MILITARY 


“7 RESPONSE | | | 
TIME Vos lb DRIVE GAIN Isuppty 
MAX MAX MAX | CAPABILITY NEGATIVE | PACKAGES 
PART NUMBER | (ns) (mA) AVAILABLE io IMPORTANT FEATURES 
[LTI011AM fie 250 25 H, J8 Low Vos, Low Jp, High Output Drive, 
LTIO11M 250 25 7 H,u8 | 12BitAcc. | 
LT1016M 5 H,J8 | UltraHigh Speed, TTL Outputs, True 
Output Latch, Stable in Active Region, 
Pin/Pin Replacement for AM686. 
LT1017M - H,J8__|_LT1017 Has Lowest Supply Current, 
1 _ I LT1018 is Faster. Both are Dual 
; ee un Comparators with Same Pin-Out as 193 
Types. 
LTIT1A 25 H, uB Low Vos, High Gain 
LM111 §.0 H, J8 | General Purpose 
—T 7 
LTA | 45 H,d | Dual, Low Vos, Hi CMRR 
LM119 _| 45 HJ Dual, General Purpose 
L LTC1040M =| mparator 
LTC1041M ale-Bang Controller 4 
\urciowm | (0S Window Comparator 
LT685M 
= 
COMMEACIAL 
~ | RESPONSE | 
TM B DRI SUPPL leyppLy 
MAX POSITIVE | NEGATIVE | PACKAGES 
PART NUMBER (mV) (Vimv) (ma) (mA) AVAILABLE | IMPORTANT FEATURES | 
LT1011AC 250 50 200 40 25 | H, J8, N8 | Low Vg, Low Ig, High Output Drive, 12 
LT10116 50 50 200 40 25 | _HJ8,N8 Bit Acc. 
LT1016C +25 10000 10 ai 2 6 5 H, J8, $8 | Ultra High Speed, TTL Outputs, True 
Output Latch, Stable in Active Region, 
Pin/Pin Replacement for AM686. 
LT10176 = [41 T+ 0 [1000 0.060 — | HS ‘| L11017 Has Lowest Supply Current, 
LT1018C ES 1 5 |) _ [- LT1018 is Faster. Both are Dual 
| * si ear ns Comparators with Same Pin-Out as 193 
=| Types. 
LT311A 250 4.0 100 40 25 H, J8 _| Low Vog, High Gain | 
LM311 75 250 75 5.0 H, J8 General Purpose 
usin E 125 { 50 | Hyd,N "| Dual, Low Vos, HiCMRR 
LM319 125 5.0 H,J,N Dual, General Purpose 
CMOS Sampling Comparator 
LTC1041C . . CMOS Bang-Bang Controller 
LTC1042C 100ps 1.0 3 . t 300nA** 1nA J, NB CMOS Window Comparator 
LT685C 65 Ultra High Speed, ECL Outputs, Output 
Latch, External Hysteresis Control fl 


* 4Std, TTL Load. 
** Supply Current Depends on Clock Rate. 
t Gain errors are included in Vg spec. 
tt Can drive terminated 500 transmission lines. 
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FEATURES 


® Ultra Fast (5.5ns typ) 

= Complementary ECL Output 
= 500 Line Driving Capability 
= Low Offset Voltage 

= Output Latch Capability 

= External Hysteresis Control 
= Pin Compatible with Am685 


APPLICATIONS 


= High Speed A to D Converters 
® High Speed Sampling Circuits 
® Oscillators 


LT685 
High Speed Comparator 


DESCRIPTION 


The LT685 is an ultra-fast comparator with differential in- 
puts and complementary outputs fully compatible with 
ECL logic levels. The output current capability is adequate 
for driving transmission lines terminated in 500. The low 
input offset and high resolution make this comparator 
ideally suited for analog-to-digital signal processing 
applications. 


A latch function is provided to allow the comparator to be 
used in a sample-hold mode. When the latch enable input 
is ECL high, the comparator functions normally. When the 
latch enable is driven low, the comparator outputs are 
locked in their existing logical states. If the latch function 
is not used, the latch enable must be connected to ground 
or ECL high. 


The device is pin-compatible with the Am685. Hysteresis 
has been added to improve switching time with slow input 
signals as well as to minimize oscillation. A single resistor 
between the hysteresis pin and V~ adds input hysteresis 
voltage as more current is drawn. If hysteresis is not re- 
quired, the pin can be left unconnected. 


TYPICAL APPLICATION 


Comparator with Hysteresis 


Vin = 


Fy — | HYSTERESIS 

= R RLS AL 
LATCH 

ENABLE 


-5.2 Vr 


Hysteresis 


ae oe 
|| |_HYSTERESIS IS ZERO 
IF PIN LEFT OPEN 


HYSTERESIS (mV) 
3 


10k 


00 2k 


meade (Q} 
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ABSOLUTE MAXIMUM RATINGS 


Positive Supply Voltage............cceccseeee cea en ees WV 
Negative Supply Voltage ..............cceceeeeeeees -7V 
Input Voltage.........ccccccsaseeessaeeesesaesears +4V 
Differential Input Voltage ............cccceeeeeea eas +6V 
Latch Pin Voltage ............cccccse ceeee canes 2Vtov- 
Hysteresis Pin Voltage. .............seeeceveeees OV ioV~ 
Output Current. .........cccceeeeces sees ee eeees .. 30mA 
Power Dissipation (Note 1) ............eceseeeeee 500mW 
Operating Temperature 

LTGB5 C2 sethantes clisdutuneneisaacns - 30°C <T, <85°C 

LT685M oo... cc ece cece eee senna — 56°C sT,< 126°C 


PACKAGE/ORDER INFORMATION 


TOP VIEW 
GND #1 


ORDER PART 
NUMBER 


NON-INVERTING 
INPUT 


INVERTING 
INPUT 


watch (4) 
ENABLE 


LT685CH 
LT685MH 


H PACKAGE 
TO-5 METAL CAN 


TOP VIEW 


LT685CJ 
LT685CN 
LT685MJ 


NON-INVERTING 
\NPUT 3} 


INVERTING INPUT | 4 Fo 
Qouteut 
Q OUTPUT 


19] HYSTERESIS 


J PACKAGE 
HERMETIC DIP 


N PACKAGE 
MOLDED DIP 


ELECTRICAL CHARACTERISTICS 


V+ =6.0V, V~ = -5.2V, V7= — 2.0V, R. = 500, R= © over the operating temperature ranges, unless otherwise specified. 


LT685C [ LT685M T 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage T,= 25°C 10 +20 | 10 20 mV 
+25 +30 mV 
dVos/dT Input Offset Voltage Drift (Note 2) +10 +10 pVi°G 
los Input Offset Current Ta = 25°C TE 03 +10 03 +10 pA 
be +13 +16 {- pA 
input Bias Current Ta= 25°C 5 10 5 10 pA 


13 16 pA 
Input Resistance Ta= 25°C (Note 2) 6.0 “| 60 + ko 
Input Capacitance Ty = 25°C (Note 2) A 
Input Voltage Range 
Common-Mode Rejection 
Supply Voltage Rejection dB 
Output High Voltage Ty = 25°C ~ 0.960 - 0.810 ~ 0,960 ~ 0.810 V 
Ty= Twn — 1,060 — 0.890 — 1,100 -0.920 V 
Ta= Tmax ~ 0.890 ~ 0.700 ~ 0.850 ~ 0,620 V 
Voi Output Low Voltage Ty = 25°C ~ 1.850 ~ 1.660 ~ 1,850 ~ 1.650 V 
Ta=Twin - 1.890 - 1,675 — 1.910 ~ 1.690 V 
Tr=Twax — 1.825 - 1.625 | -1.810 - 1.575 Vv 
Positive Supply Current 22 22 mA 
I- Negative Supply Current 26 26 mA 
Piss Power Dissipation = 300 300 mW 


LT685C LT685M 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS 

tep Propagation Delay (Note 3) T= 25°C 45 55 65 45 55 65 ns 

Ty=Twax 5.0 9.5 55 12 ns 

_| Ta= Twn 4.0 65 3.5 6.5 5 ns 

toe Latch Enable to Ty = 25°C 45 55 6.5 45 55 6.5 ns 
Output Delay (Note 2) Ta=Twax 
Ta= Twin 

Minimum Set-Up Time (Note 2) Twins TaS25°C 3.0 ns 

Ta=Twax 6.0 ns 

Minimum Hold Time (Note 2) Twin STaSTwax _| 1.0 ns 

Minimum Latch Enable i. Twins TaS25°C 3.0 3.0 ns 

Pulse Width (Note 2) Ta= Tmax 40 5.0 ns 


Note 1; For the metal can package, derate at 6.8mW/°C for operation at tep ey: The propagation delay measured from the 50% point of the latch en- 


ambient temperatures above + 100°C; for the hermetic dua!-in-line 
package, derate at 9mW/°C for operation at ambient temperatures above 

+ 105°C. 

Note 2: Guaranteed by design, but not tested. 

Note 3: Sample tested at 25°C only. 

Definitions: 

tpp: The propagation delay measured from the time the input signal crosses 


able signal positive transition to the 50% point of the output transition. 

ts: The minimum time before the negative transition of the latch enable 
signal that an input signal change must be present in order to be acquired 
and held at the outputs. 

ty: The minimum time after the negative transition of the latch enable 
signal that the input signal must remain unchanged in order to be acquired 
and held at the outputs. 


tewie: The minimum time that the latch enable signal must be HIGH in 


the input offset voltage to the 50% point of the output transition. 
order to acquire and hold an input signal change. 


SCHEMATIC DIAGRAM 


GND #2 GND #1 


NON-INV 
INPUT 


INV 
INPUT 


LATCH 
ENABLE 


HYSTERESIS 
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LT685 
TYPICAL PERFORMANCE CHARACTERISTICS 


Fropeenton Delays as a Function Hysteresis as a Function of 
of Temperature Temperature 


PROPAGATION (ns) 
HYSTERESIS (mV) 


2 0 
-50 -25 0 25 50 «75100 125 -50 ~25 0 2 50 75 100 125 
TEMPERATURE (°C) TEMPERATURE (°C) 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


H Package 
10 Lead TO-5 Metal Can 


0,335--0.370 
(8.509—9.398) 
O14 


9.305 — 0.335 
{7-747 —8.509) 


040 
016} 
MAX 


‘= 
searwg tt 
a ese fl ) i 
(0.254— 7-143} 


050 
a 0.165—0.185 
MAX (419146899) 


0.110 -0.160 


0.016-0.021 
atl (5-055 CNSULATING 
wSULATIN seas 
at OIAMETER IS UNCONTROLLED BETWEEN THE REFERENCE PLANE AND SEATING PLANE. 
J Package N Package 
16 Lead Cerdip 16 Lead Molded DIP 


0.25) + 0.010 
{6.350 6.254) 


.290 = 0.3: 
(7.37 8.13) 


MAX 0.300-0.320 0.130 + 0.005 
(7.620 -~8.128) (3.302 + 0.127) 


0.045 --0. 
{1.143 — 1.651) 


9.020, 
(0.508) 
MIN 


atin L2J 13F (4y TS) Te] 
WAX 
8.015 - 0,080 [it a 
(0.38—1.52) antan = a= 
[| 


0.009-0.015 0.125 | 2045 s0.015 pa | a 9,018 + 0.003 
0.008 —0.0t8 0.038 —0.068 (0.290.381) | (3.175) (7-143 0.381) 10.457..0.076) 
(0.203-0.460) 0.125, (0.965 —1.727) 0.325 40.025 _ 
(3.175) —0.015 0.100 + 0.010 
0,385. 0.025 MIN 0.100 «0.010 0.014-0.026 2s *258) (2/580 0.254), 
(8.779 0.635) (25400-2858) (0.38—0.86) — 0.381 neta 


sree8. 
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TECHNOLOGY Voltage Comparator 
FEATURES DESCRIPTION 
® Pin-Compatible with LM111 Series Devices The LT1011 is a general purpose comparator with signifi- 
= Guaranteed Max. 0.5mV Input Offset Voltage cantly better input characteristics than the LM111. 
= Guaranteed Max. 25nA Input Bias Current Although pin-compatible with the LM111, it offers four 
« Guaranteed Max. 3nA Input Offset Current times lower bias current, six times lower offset voltage, 
= Guaranteed Max. 250ns Response Time and five times higher voltage gain. Offset voltage drift—a 
= Guaranteed Min. 200,000 Voltage Gain previously unspecified parameter—is guaranteed at 
= 50mA Output Current Source or Sink 15uV/°C. Additionally, the supply current is lower by a 
ws +30V Differential Input Voltage factor of two with no loss in speed. The LT1011 is several 
= Fully Specified for Single +5V Operation times faster than the LM111 when subjected to large 


overdrive conditions. tt is also fully specified for DC 

parameters and response time when operating on a 

APPLICATIONS single +5V supply. These parametric improvements 

allow the LT1011 to be used in high accuracy (= 12-bit) 

= eee pameite a calien ar systems without trimming. Ina 12-bit A to D application, 

» Precision R/C Oscillator for instance, using a 2mA DAC, the offset error intro- 

» Peak Detector duced by the LT1011 is less than 1/2 LSB. The LT1011 

= Motor Speed Control retains all the versatile features of the LM111, including 

= Pulse Generator single 3V to + 1 8V supply operation, and a floating tran- 

= Relay/Lamp Driver sistor output with 50mA source/ sink capability. It can 

drive loads referenced to ground, negative supply or 

positive supply, and is specified up to SOV between V~ 

and the collector output. A differential input voltage up to 

the full supply voltage is allowed, even with + 18V sup- 

plies, enabling the inputs to be clamped to the supplies 
with simple diode clamps. 


10ys 12-Bit A-D Converter 


Response Time vs Overdrive 


6012 12-BIT 
0/A CONVERTER 


e 
PARALLEL JO 


OUTPUTS lo ©| OUTPUTS 


SERIAL OUTPUT 


AM2504 
SAR REGISTER 


LT1011/LT1011A 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (pin8topin4)................ 36V 
Output to Negative Supply (pin 7 to pin 4) 

LTIOT1AM, LT1011M..... 00. ee 50V 

LTIO11AC, LTIONIC le, 40V 
Ground to Negative Supply 

(pint topin4) ........ ee, 30V 
Differential Input Voltage.................. +36V 
Voltage at Strobe Pin (pin6topin8)............. 5V 
input Voltage (Note 1) ............ Equal to Supplies 
Output Short Circuit Duration .............. 10sec. 
Operating Temperature Range (Note 2) 

LTIO11AM/LT1011M.......... —55°C to 125°C 

LTIOWAC/LTI011C 20, . 0°C to 70°C 
Storage Temperature Range ....... —65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)........ 300°C 


PACKAGE/ORDER INFORMATION 


TOP VIEW 


(6) BALANCE/ 
STROBE 


NOTE: PIN 4 CONNECTED TO CASE. 


J8 PACKAGE 8 PIN CERDIP 
N8 PACKAGE 8 PIN PLASTIC 


ORDER PART 
NUMBER 


LT1011AMH 
LT1011MH 
LT1011ACH 
LT1011CH 


LT1011AMJ8 
LT1011MJ8 
LT1011ACJ8 
LT1011CJ8 
LT1011ACN8 
LT1011CN8 


ELECTRICAL CHARACTERISTICS v; = +15v, Vom =0V, Rg=0, T,=25°C, V)= —15V, 


output at pin 7 unless otherwise noted. 


LT1011A 


M/LT1011AC L710191M/1T1011C 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP ax | UNITS 
Vos Input Offset Voltage Note 3 0.3 0.5 0.6 1.5 mV 
Zz e ps 1.0 bs 3.0 mv 
Vos * Input Offset Voltage Rg = 50kQ (Note 4) 0.75 20 | mv 
{@| 1.5 3.0 iz mV 
los * Input Offset Current T Note 4 0.2 3 0.2 4 nA 
| e 5 6 nA 
Ip Input Bias Current Note 3 Ty 15 25 20 50 sii nA 
ly * Input Bias Current Note 4 rT 20 3 Od 25 65 nA 
_[¢ 50 80 | nA 
AVos Input Offset Voltage Drift Twin << T = Tax e 4 15 4 25 wN/°G 
AT (Note 5) | ae 
Avot * Large Signal Voltage Gain R, =1kQ to +15V, | 200 500 200 500 | v/mv 
-10V Vout =14.5V 

R, =5002 to +5V, 50 300 50 300 V/mv 

0.5V <Voyy = 4.5V a 
CMRR Common-Mode Rejection Ratio 94 115 | 90 115 | @B 
* input Voltage Range Vg= & 15V e | -145 3 | 14.5 13 V 
(Note 8) Vs =Single +5V e| 05 3.0 0.5 3.0 Vv 
Tg Response Time Note 6 |_| 150-250 150-250 ns 
Vo * Output Saturation Voltage Vin=5 mV, Iggy =8mA e 0.25 0.4 0.25 0.4 v 
V,=0, Isink=50 MA e 0.7 1.5 0.7 1.5 Vv 
* Output Leakage Current Vin=5mV, V1 = —15V 02 10 | 02 10 - nA 
Vour =35V (25V for LT1011C) | @ 500 500 [| nA 
* Positive Supply Current T i 3.20 4.0 | 32 4.0 mA 
* Negative Supply Current | 2s | 1725 mA 
* Strobe Current Minimum to Ensure Output 500 500 [pA 

Transistor is Off | 
Input Capacitance ir 6 | 6 L pF 


* indicates parameters which are guaranteed for at! supply voltages, including a single 5V supply. See Note 4. 
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es 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Inputs may be clamped to supplies with diodes so that max- 
imum input voltage actually exceeds supply voltage by one diode drop. 
See Input Protection in applications section. 

Note 2: T, max= 150°C for the LT1011AM/LT1011M and 95°C for 
the LT1011AC/LT1011C. 

Note 3: Output is sinking 1.5mA with Vout = OV. 

Note 4: These specifications apply for all supply voltages from a single 
+5V to 4: 15V, the entire input voltage range, and for both high and 
tow output states. The high state is Isiyx = 100pA, Vour=(V* —1V) 
and the low state is Igiyx = 8MA, Vout =9.8V. Therefore, this 
specification defines a worst-case error band that includes effects due 
to common-mode signals, voltage gain, and output load. 


Note 5: Drift is calculated by dividing the offset voltage difference 
measured at min and max temperatures by the temperature difference. 
Note 6: Response time is measured with a 100mV step and 5mvV over- 
drive. The output load is a 5000 resistor tied to +5V. Time measure- 
ment is taken when the output crosses 1.4V. 

Note 7: Do not short the strobe pin to ground. It should be current 
driven at 3mA to 5mA for the shortest strobe time. Currents as low as 
500yA will strobe the LT111A if speed is not important. External 
leakage on the strobe pin in excess of 0.2uA when the strobe is 
can cause offset voltage shifts. 


Note 8: See graph, Input Offset Voltage vs Common-Mode Voltage. 


“off?” 


TYPICAL PERFORMARCE CHARACTERISTICS 


Input Bias Current Input Offset Current Worst-Case Offset Error 
0.9 
0.8 
07 z 
rey 
4 
< z 0.6 3 
i = 05 rs 
a Fa a 
= € 04 ie 
a Fa 2 
0.3 q 
0.2 2 -& 
3 it 
0.1 maui 
: alll 
—50 -25 0 2 50 75 100 125 150 —50-25 0 25 50 75 100 125 150 1k 10k 100k iM 
TEMPERATURE (°C) TEMPERATURE (°C) SOURCE RESISTANCE (Q) 
Input Characteristics* Common-Mode Limits Transfer Function (Gain) 
v+ 50 
-0.5 4 
*ENTHER INPUT. ay 40 oa 
REMAINING INPUT GROUNDED. S-1.0 1k 
z CURRENT FLOWS OUT OF INPUT. wW = L=. 
= 2-15 4 30 
5 Fy Ss 
& wee 3 
2 8 
had = 04 5 20 
2 g 3 
2 2 9.3 f=) 
8 o2 i 
0.1 0 
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—50 —25 


40 
—20 -15 -10 —5 
{NPUT VOLTAGE (V) 


0 5 


0 


-05 -03 -0.10 01 0.3 


DIFFERENTIAL INPUT VOLTAGE (mV) 


0.5 


2 50 75 100 125 150 


TEMPERATURE (°C) 


wee 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Response Time— 
Collector Output 


0 50 100 150 200 250 300 350 400 450 
TIME (ns) 


Response Time Using GND Pin 
as Output 


o 
asa 


-10 
led 

0 7 Vs = + 15V 
00 rj Th = 25°C 


TIME (uS) 


INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) 
on 


I 
=~ 


Supply Current vs Supply 
Voltage 


60 5 0 16 20 2 30 
SUPPLY VOLTAGE (V} 


INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) 


Response Time— 
- Collector Output 


0 50 100 150 200 250 300 350 400 450 


TIME (ns) 


Response Time Using GND Pin 
as Output 


CURRENT (mA) 


ate cide 
BASneu5sga 


AN 
i. 
| lve = et5v 


Supply Current vs Temperature 


POSITIVE SUPPLY -—1 
COLLECTOR OUTPUT “LO” 


POSITIVE AND NEGATIVE SUPPLY 
COLLECTOR OUTPUT “Hi” 


580-25 0 25 50 75 100 126 
TEMPERATURE (°C) 


Collector Output Saturation 


Voltage 
1.0 
0.9 7 
‘| PIN 1 GROUNDED = 125°C 
= 08}-+-4+-+ 4 imi 11s 
3 07 roan 
2 06 |-+ sorter = 25°C 
Z 0s Lo 
= 04 2 T = —55°C 
—) e 
E 03 
02 
01 F 
gut 1 
5 10 15 20 25 30 35 40 45 50 
SINK CURRENT (mA) 
Output Limiting 
Characteristics* 
140 1 ———- 07 
[ Th = 25°C : 
— 120 + 06 
= it 3 
:” er “3 
= 80 & 04 B 
Re 5 
5 60 03% 
& SiR 2 
o 
= 4 CRCOT cunRENT "| °2 3 
& 20 “MEASURED 3 MIN 0.1 
AFTER SHORT =| _1 
0 1 0 
0 5 10 15 
OUTPUT VOLTAGE (V) 
Qutput Leakage Current 
1077 —r ——— 
Vs = + 15V=4 = 
et 
~8 oe, 
=z 10 <> 
= re 
ier] od 
= wos 
8 107° a 
wy t = 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Output Saturation— 


Response Time vs Input Step 
Ground Output Output Saturation Voltage Size 


SATURATION VOLTAGE (V) 


V+ TO GROUND PIN VOLTAGE (V) 


0 10 20 30 40 50 0 
OUTPUT CURRENT (mA) 


Input Offset Voltage vs Common- 
Mode Voltage 


PPER COMMON-MODE 
1.0 UMIT=V+—(t 


0 


-1.0 


+ 

—1.5 bectV~(OR GND WITH 
SINGLE SUPPLY) 

—2.0 F——F T 


INPUT OFFSET VOLTAGE (mv) 


ze) 
V- 0.1 0.2 0.3 0.4 0.5 0.6 0.7 V+ 
COMMON-MODE VOLTAGE (V) 


8 012 3 4 


Offset Pin Characteristics 


0 
-50 -25 0 2 60 75 100 125 150 
TEMPERATURE (°C) 


5 6 7 8 9 10 


2. 3 4 6 6 7 
INPUT OVERDRIVE (mV) INPUT STEP (V) 


Vogue 
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APPLICATIONS INFORMATION 
Preventing Oscillation Problems 


Oscillation problems in comparators are nearly always 
caused by stray capacitance between the output and in- 
puts or between the output and other sensitive pins on the 
comparator. This is especially true with high gain-band- 
width comparators like the LT1011, which are designed for 
fast switching with millivolt input signal levels. The gain- 
bandwidth product of the LT1011 is over 10GHz. Oscilla- 
tion problems tend to occur at frequencies around 5MHz, 
where the LT 1011 has a gain of ~ 2000. This implies that 
attenuation of output signals must be at least 2000:1 at 
5MHz as measured at the inputs. If the source imped- 
ance is 1kQ, the effective stray capacitance between 
output and input must have a reactance of more than 
(2000) (1kQ) =2MQ, or less than 0.02pF. The actual in- 
terlead capacitance between input and output pins on the 
111011 is less than 0.002pF when cut to printed circuit 
mount length. Additional stray capacitance due to printed 
circuit traces must be minimized by routing the output 
trace directly away from input lines and, if possible, run- 
ning ground traces next to input traces to provide shield- 
ing. Additional steps to ensure oscillation-free operation 
are: 


1. Bypass the strobe/balance pins with a 0.01pF 
capacitor connected from pin 5 to pin 6. This elimi- 
nates stray capacitive feedback from the output to the 
balance pins, which are nearly as sensitive as the 
inputs. 

2. Bypass. the negative supply (pin 4) with a 0.1yF 
ceramic capacitor close to the comparator. 0.1F can 
also be used for the positive supply (pin 8) if the pull- 
up load is tied to a separate supply. When the pull-up 
load is tied directly to pin 8, use a 2yF solid tantalum 
bypass capacitor. 


3. Bypass any slow moving or DC input with a capacitor 
(20.01yF) close to the comparator to reduce high 
frequency source impedance. 


4. Keep resistive source impedance as low as possible. 
If a resistor is added in series with one input to bal- 
ance source impedances for DC accuracy, bypass it 
with a capacitor. The low input bias current of the 


11011 usually eliminates any need for source resist- 
ance balancing. A 5kQ imbalance, for instance, will 
create only 0.25mV DC offset. 


. Use hysteresis. This consists of shifting the input off- 


set voltage of the comparator when the output 
changes state. Hysteresis forces the comparator to 
move quickly through its linear region, eliminating 
oscillations by “‘overdriving’’ the comparator under 
all input conditions. Hysteresis may be either AC or 
DC. AC techniques do not shift the apparent offset 
voltage of the comparator, but require a minimum in- 
put signal slew rate to be effective. DC hysteresis 
works for all input slew rates, but creates a shift in off- 
Set voltage dependent on the previous condition of the 
input signal. The circuit shown below is an excellent 
compromise between AC and DC hysteresis. 


Comparator with Hysteresis 
+15V 


INPUTS 


iq 


This circuit is especially useful for general purpose 
comparator applications because it does not force any 
signals directly back onto the input signal source. In- 
Stead, it takes advantage of the unique properties of 
the balance pins to provide extremely fast, clean out- 
put switching even with low frequency input signals 
in the millivolt range. The 0.003,yF capacitor from pin 
6 to pin 8 generates AC hysteresis because the volt- 
age on the balance pins shifts slightly, depending on 
the state of the output. Both pins move about 4mvV. If 
one pin (6) is bypassed, AC hysteresis is created. itis 
only a few millivolts referred to the inputs, but is suffi- 
cient to switch the output at nearly the maximum 
speed of which the comparator is capable. To prevent 
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APPLICATIONS INFORMATION 


problems from low values of input slew rate, a slight 
amount of DC hysteresis is also used. The sensitivity 
of the balance pins to current is about 0.5mV input 
referred offset for each microampere of balance pin 
current. The 15m@ resistor tied from output to pin 5 
generates 0.5mV DC hysteresis. The combination of 
AG and DC hysteresis creates clean oscillation-free 
switching with very small input errors. The curve 
below plots input referred error versus switching fre- 
quency for the circuit as shown. 


Input Offset Voltage vs Time to 
Last Transition 


INPUT OFFSET VOLTAGE (mV) 
om NM WH + or nn @ 


1 100ps 1ms 
TIME/ FREQUENCY 


Note that at low frequencies, the error is simply the DC 
hysteresis, while at high frequencies, an additional 
error is created by the AC hysteresis. The high fre- 
quency error can be reduced by reducing Cy, but 
lower values may not provide clean switching with 
very low slew rate input signals. 


Input Protection 


The inputs to the LT1011 are particularly suited to general 
purpose comparator applications because large differen- 
tial and / or common-mode voltages can be tolerated with- 
out damage to the comparator. Either or both inputs can 
be raised 40V above the negative supply, independent of 
the positive supply voltage. \nternal forward biased 
diodes will conduct when the inputs are taken below the 


negative supply. In this condition, input current must be 
limited to 1mA. if very large (fault) input voltages must be 
accommodated, series resistors and clamp diodes should 
be used (see drawing below). 


Limiting Fault Input Currents 


Vr 


INPUTS | 


01-D4 1N4148 
*MAY BE ELIMINATED FOR 


| <imA 

**SELECT ACCORDING TO ALLOWABLE 
FAULT CURRENT AND POWER 
DISSIPATION 


The input resistors should limit fault current to a 
reasonable value (0.1mA to 20mA). Power dissipation in 
the resistors must be considered for continuous faults, 
especially when the LT1011 supplies are off. And one 
final caution: lightly loaded supplies may be forced to 
higher voltages by large fault currents flowing through 
Di-D4. 


R3 and Ré limit input current to the LT1011 to less than 
{mA when the input signals are held below V~. They 
may be eliminated if R1 and R2 are large enough to limit 
fault current to less than 1mA. 


Input Slew Rate Limitations 


The response time of a comparator is typically measured 
with a 100mV step and a 5mV-10mv overdrive. Unfor- 
tunately, this does not simulate many real-world situa- 
tions where the step size is typically much larger and 
overdrive can be significantly less. In the case of the 
1T1011, step size is important because the slew rate of 
internal nodes will limit response time for input step sizes 
larger than 1V. At 5V step size, for instance, response 
time increases from 150ns to 360ns. See the curve la- 
beled Response Time vs Input Step Size for more detail. 


aE 
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If response time is critical and large input signals are 
expected, clamp diodes across the inputs are recom- 
mended. The slew rate limitation can also affect perform- 
ance when differential input voltage is tow, but both 
inputs must slew quickly. Maximum suggested common- 
mode siew rate is 10V/ys. 


Strobing 


The T1011 can be strobed by pulling current out of the 
strobe pin. The output transistor is forced to an ‘‘off’’ 
State, giving a ‘‘hi’’ output at the collector (pin 7). Cur- 
rents as low as 250,A will cause strobing, but at low 
strobe currents strobe delay will be 200ns-300ns. If 
strobe current is increased to 3mA, strobe delay drops to 
about 60ns. The voltage at the strobe pin is about 150mV 
below V+ at zero strobe current and about 2V below V+ 
for 3mA strobe current. Do not ground the strobe pin. It 
must be current driven. The drawing below shows a 
typical strobe circuit. 


Typical Strobe Circuit 


+15V +5V 


—15V TTL OR 
CMOS DRIVE (SV SUPPLY) 


Note that there is no bypass capacitor between pins 5 
and 6. This maximizes strobe speed, but leaves the com- 
parator more sensitive to oscillation problems for slow, 
low level inputs. A 1pF capacitor between the output and 
pin 5 will greatly reduce oscillation problems without 
reducing strobe speed. 


DC hysteresis can aiso be added by placing a resistor 
from output to pin 5. See step number 5 under ‘‘Prevent- 
ing Oscillation Problems’’. 


The pin (6) used for strobing is also one of the offset ad- 
just pins. Current flow into or out of pin 6 must be kept 
very low (<0.2uA) when not strobing to prevent input 
offset voltage shifts. 


Output Transistor 


The LT1011 output transistor is truly floating in the sense 
that no current flows into or out of either the collector or 
emitter when the transistor is in the ‘‘off’’ state. The 
equivalent circuit is shown in the drawing below. 


Output Transistor Circuitry 


COLLECTOR (OUTPUT) 


OUTPUT 
TRANSISTOR 


EMITTER (GND PIN) 


in the ‘‘off'’ state, 11 is switched off and both Q1 and Q2 
turnoff. The collector of Q2 can be now held.at any volt- 
age above V— without conducting current, including volt- 
ages above the positive supply level. Maximum voltage 
above V~ is 50V for the LT1011 and 40V for the 
1T1011C. The emitter can be held at any voltage between 
V+ and V7 as long as it is negative with respect to the 
collector. 


In the ‘‘on’’ state, I1 is connected, turning on Q1 and Q2. 
Diodes D1 and D2 prevent deep saturation of Q2 to im- 
prove speed and also limit the drive current of Q1. The 
R1/R2 divider sets the saturation voltage of Q2 and pro- 
vides turn-off drive. Either the collector or emitter pin can 
be held at a voltage between V* and V—. This allows the 
remaining pin to drive the load. In typical applications, 
the emitter is connected to V~ or ground and the collector 
drives a load tied to V* or a separate positive supply. 


6-16 


LT WAR 


APPLICATIONS INFORMATION 


When the emitter is used as the output, the collector is 
typically tied to V* and the load is connected to ground or 
\V—. Note that the emitter output is phase reversed with 
respect to the collector output so that the ‘'+’” and 
‘*_* input designations must be reversed. When the 
collector is tied to V*, the voltage at the emitter in the 
‘on’ state is about 2V below V* (see curves). 


Input Signal Range 


The common-mode input voltage range of the LT1011 is 
about 300mV above the negative supply and 1.5V below 


LTIOIVLTIONIA 


the positive supply, independent of the actual supply 
voltages (see curve in typical performance characteris- 
tics). This is the voltage range over which the output will 
respond correctly when the common-mode voltage is 
applied to one input and a higher or lower signal is applied 
to the remaining input. /f one input is inside the common- 
mode range and one is outside, the output will be correct. 
If the inputs are outside the common-mode range in op- 
posite directions, the output will still be correct. If both in- 
puts are outside the common-mode range in the same 
direction, the output will not respond to the differential in- 
put; it will remain unconditionally high (collector output). 


ce 


TYPICAL APPLICATIONS 


Offset Balancing 


Driving Load Referenced 
to Positive Supply 


Rroan 


vt + CAN BE GREATER OR LESS THAN V* 


Strobing 


NOTE: DO NOT GROUND STROBE PIN. 


Driving Load Referenced 
to Negative Supply 


INPUTS* 


* INPUT POLARITY !S REVERSED WHEN 
USING PIN 1 AS OUTPUT 


Ea 


Lene 
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Driving Ground Referred Load Window Detector 


vt 


yt yete 


OUTPUT HIGH 
INSIDE “WINDOW” 
AND LOW 

ABOVE HIGH 
LIMIT OR 

BELOW LOW 
LIMIT 


Vin 


* INPUT POLARITY IS REVERSED WHEN USING 


PIN 1 AS OUTPUT 
“v ++ MAY BE ANY VOLTAGE LOW 
ABOVE V~. PIN 1 SWINGS LIMIT 


TO WITHIN =2V OF V++. 


CURRENT MODE INPUT 
(DAC, ETC} 


OUTPUT 


VOLTAGE, 


INPUT Ry 


GROUND OR 
LOW IMPEDANCE 
REFERENCE 


“SEE CURVE, "*RESPONSE TIME VS INPUT STEP SIZE’’ 


Crystal Oscillator 


OUT 
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Noise Immune 60Hz Line Sync** High Efficiency**Motor Speed Controller 


+15V 


2N6667 


| 


MOTOR-TACH | 
Loge 39741202 | 


1 
I 


2V-25V ye 


rms 
6OHz 330k 


INPUT 


QUTPUT 
60Hz 


pono oono 


*INCREASE R1 FOR LARGER INPUT 
VOLTAGES 

= **LT1011 SELF OSCILLATES AT =60Hz, 

CAUSING IT TO "LOCK" ON TO INCOM- 


ING LINE SIGNAL. 
—15V ov-10V *R3/C2 DETERMINES OSCILLATION 
INPUT FREQUENCY OF CONTROLLER 
**Q1 OPERATES IN SWITCH MODE c : 
Combining Offset Adjust and Strobe Direct Strobe Drive when CMOS* Logic 


Uses Same V+ Supply as LT1011 


vt 


TTL OR CMOS 
SV 


*NOT APPLICABLE FOR TTL LOGIC 


Combining Offset Adjustment and Hysteresis 


“HYSTERESIS IS =0.45mV/pA OF 
CURRENT CHANGE IN Ry 

**THIS RESISTOR CAUSES HYSTERESIS 
TO BE CENTERED AROUND Vos 


LT1011/LTIO11A 


TYPICAL APPLICATIONS 


Low Drift R/C Oscillator* 


oe 


25k < Rg < 200k2 
+15V 


BUFFERED 
OUTPUT 


“1% METAL FILM 1 
** = TRW TYPE MTR-5/ + 120ppm/°C. . 
Gy = .015 = POLYSTYRENE — 120ppm/°C + 30ppm WESCO TYPE 32-P 
NOTE: COMPARATOR CONTRIBUTES < 10ppm/°C DRIFT FOR 
FREQUENCIES BELOW 10kHz. 
+LOW DRIFT AND ACCURATE FREQUENCY ARE 
OBTAINED BECAUSE THIS CONFIGURATION 
REJECTS EFFECTS DUE TO INPUT OFFSET 
VOLTAGE AND BIAS CURRENT OF THE 
COMPARATOR. 


Positive Peak Detector 


+15V 


OUTPUT 


*MYLAR 
**SELECT FOR REQUIRED RESET TIME CONSTANT 


Negative Peak Detector 


C,* 
ut I 


*MYLAR 
“*SELECT FOR REQUIRED RESET TIME CONSTANT 
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+15V A-Digit (10,000 Count) A-D Converter 


ZERO INPUT 
ov-10v. + 15¥ +5 


OUTPUT = 1 COUNT 
PER mv, f= 1MHz 


STARY ALL DIODES 1N4148 
“POLYSTYRENE 
“*NPO 


Capacitance to Pulse Width Converter 


| | | | Tye [Cmax (PF)] [148/PF] 
TL= 10 © Crax ® (1pS/F) 


TTL OR 
CMOS 
{OPERATING 
ON +5V) 


= 12ms 


touFt 


pet 


“PW=(R2+R3) coy Bt Re ) , INPUT CAPACITANCE OF 


171011 IS ~6pF. THIS IS AN OFFSET TERM. 

TTHESE COMPONENTS MAY BE ELIMINATED IF NEGATIVE SUPPLY 
tS AVAILABLE (— 1V TO —15V). 

**TYPICAL 2 SECTIONS OF 365pF VARIABLE 
CAPACITOR WHEN USED AS SHAFT ANGLE 


INDICATION. 
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Fast Settling* Filter 


100pF 


OUTPUT 


LT1008¢ 


*COMPARATORS DRIVE OPTO-COUPLED FET 
“ON’ WHEN DIFFERENCE BETWEEN OUTPUT 
AND INPUT EXCEEDS THRESHOLD. WHEN 
OUTPUT APPROACHES INPUT, THE FET TURNS 
“OFF” AND LOW PASS FILTERING OCCURS. 

tEROM THETA-J CORP., WOBURN, MASS. 


R4 
15V 


a1 
0.002 
POLYSTYRENE 


R2 
LINEARITY = 0.01% 


5k 
FULL-SCALE 
TRIM 


R3 


TTL OUTPUT 
4OHz-100KHz 


—| 1.548 


ALL DIODES 1N4148 
TRANSISTORS 2N3904 
“USED ONLY TO 
GUARANTEE START-UP 
TMAY BE INCREASED FOR 
BETTER 10Hz TRIM 
RESOLUTION 
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100kHz Precision Rectifier 


P5082-2800 (4) 


RECTIFIED 
OUTPUT 


SCHEMATIC DIAGRAM 


| 6] OFFSET/ STROBE 


LT1011/LT1IO1IA 


PACKAGE DESCRIPTION 


H Package 
Metal Can 
0.355 — 0.370 
{9.017—9.398) 
A 
0.305 ~ 0.335 
Eee | 
0,040, DIA 
(1.016) . i 
oii (1-270) 0.165 — 9.185 
iM { MAX (4.191 — 4.699) 
Y = ’ ’ 


ss A 
ft Don | 4 re eS 
agg 10D DN 
ole ge eas, 


0,200 
{G.080) 9.095 — 0.060 
Max (0.381 — 1.624) 
TYP 


J8 Package 
8 Lead Hermetic DIP 


0.220-0.310 
(6.588 - 7.874) 


as°tve 4 0.027 - 0.045 t ; a 
o.027—0.098 AN (0.66 —1.143) 0.150 i 4 
{0.686 — 0.964) 0.125— 9.200, i (3.810) i" " 
GLASS. MIN iM x 
ch i o.030-0.070 f = —a/ pease olf .0.008-0.015 
1 (0.762 — 1.778) (0.203 —0.381) 
8. ‘00 TYP TYP 
san _,||___ 9.014.023 0.290--0.320 | | 
{0.356 —0.584) (7.366 — 8.128) 
0.100 we 
(2.540) 
0.120 ~ 0.160 Bsc" NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 
(3.048 - 4.064) RADE “LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 
INSULATING 
STANDOFF 


NOTE: DIMENSIONS IN INCHES. 


Tymax Op He 
1soec | 150°C/W | 45°C/W 


Tymax Op 


150°C 100°C /W 


N8 Package 
8 Lead Plastic 


SO 
0.370 —0.400 


(9.400 — 10.16) 


0.155 — 0.475 


ae 


0.115 -- 0.145 
(2.921 — 3.683) 
¥ 


0,030 — 0.060 
(0.762 ~ 1.524) 
TYP 


0.014-0.023 
“(0.356 — 0.584) 
re 


_w| [Mt 7° 5° 


a 
i 


ae 


0.200-0,310, 
(7.366 — 7.874) 


caer 


0.008 - 0.015 
(0.203-0.381) 
TP 


NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 
*LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 
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‘ y LIN LTI016 
TECHNOLOGY Ultra Fast Precision Comparator 


FEATURES DESCRIPTION 
# Ultra Fast (10ns typ) The LT1016 is an ultra fast (10ns) comparator specifi- 
= Operates Off Single +5V Supply, or +5V cally designed to interface directly to TTL logic while 
= Complementary Output to TTL operating off either a dual + 5V supply or a single +5V 
® Low Offset Voltage supply. Tight offset voltage specifications and high gain 
= No Minimum Input Slew Rate Requirement allow the LT1016 to be used in precision applications. 
™ No Power Supply Current Spiking Matched complementary outputs further extend the ver- 
® Output Latch Capability satility of this new comparator. 

A unique output stage is featured on the LT1 016. It pro- 

vides active drive in both directions for maximum speed 
APPLICATIONS into TTL logic or passive loads, yet does not exhibit the 
® High Speed A to D Converters large current spikes normally found in ‘‘totem pole’ 
= High Speed Sampling Circuits output stages. This eliminates the need for a minimum 
® Line Receiver input slew rate typical of other very fast comparators. 
= Extended Range V to F Converters The ability of the LT1016 to remain stable with the out- 
® Fast Pulse Height/Width Discriminators puts in the active region greatly reduces the problem of 


output ‘‘glitching’’ when the input signal is slow mov- 
ing or is low level. 


The LT1016 has a true latch pin for retaining input data 
at the outputs. The outputs will remain latched as long 
as the latch pin is held high. Quiescent negative power 
supply current is only 3mA—about ten times lawer than 
competitive units. This reduces die temperature and 
allows the negative supply pin to be driven from virtually 
any supply voltage with a simple resistive divider. 
Device performance is not affected by variations in nega- 
tive supply voltage. 


10-25MHz Crystal Oscillator Response Time 


2k 10-25MHz 
(AT CUT) 


VIN 
100mV STEP 
5mV OVERDRIVE 


Vout 
1v/DIV 


20 
TIME(ns) 
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ABSOLUTE MAXIMUM RATINGS 


PACKAGE/ORDER INFORMATION 


Positive Supply Voltage (Note 4) ............... 7V 
Negative Supply Voltage .................00..,. 7V ree ORDER PART NUMBER 
Differential Input Voltage ..... 0... ee, +5V 
Input Voltage (Either Input) ........ Equal to Supplies LT1016MH 
Latch Pin Voltage................ Equal to Supplies LT1016CH 
Output Current (Continuous).............. +20mA 
Operating Temperature Range 
LT1016M ............ eee, —55°C to +125°C 
LTIO16C. eee 0°Cto +70°C ENABLE 
Storage Temperature Range ..... —65°C to + 150°C METAL GAN H PACKAGE 
Lead Temperature (Soldering, 10sec) ........ 300°C TOP VIEW 
LT1016MJ 
LT1016CJ 
LT1016CN 
HERMETIC DIP J8 PACKAGE 
PLASTIC DIP N8 PACKAGE 
ELECTRICAL CHARACTERISTICS 
V+ =5V, V— =5V, Voyz(Q) =1.4V, Viarcu = OV, Ta =25°C, unless otherwise noted. 
be LT1016M LT1016C 
SYMBOL | PARAMETERS CONDITIONS { MIN TYP. OMAX | MIN) TYP MAX | UNITS 
Vos “Yinput Offset Voltage Rg = 1000 (Note 1) 08 +2 1.0 +3 mV 
e 3 3.5 | mv 
AVog | Input Offset Voltage Drift | Tel 4 4 uV/°C 
“aT 
los. Input Offset Current _| (Note 1) 03 1 03. 1 oA 
e 1.3 0.3 1.3 | pA 
lp input Bias Current | (Note 2) 5 10 5 10 | yA 
e| 43 13 | pA 
[ input Voltage Range (Note 5) @| —3.75 +3.5  |-3.75 +3.5 1V 
Single +5V Supply @/+1.25 +35 [41.25 +35 |V 
CMRR Common-Mode Rejection | ~3.75V <V.y< +3.5V e| 
PSRR [sume Voltage Rejection |Positive Supply 4.6V<V+<5.4V |e 
Negative Supply 2V<V~- <7V e| 80 100 80 100 dB 
Ay Small Signal Voltage Gain | 1V-< Vout s2V 1400 3000 1400 3000 V/V 
Vou Output High Voltage V+ =4.6V, eae le 2.7 3.4 | 2.7 3.4 TV 
| lour=10MA je) 2.4 3.0 2.4 3.0 Vv 
Voi [ouipa Low Voltage Pee e 0.3 0.5 0.3 0.5 |V 
loiny = 10mA 0.4 0.4 Vv 
[+ Positive Supply Current e 2a 35 25 35 mA 
I- Negative Supply Current e 3 5 3 5 mA 
Viy___| Latch Pin Hi Input Voltage e| 20 | 20 lv 
Vie Latch Pin Lo Input Voltage e 0.8 0.8 |V 
Ie fis Pin Current * Noe =0V e| 500 500 br 
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ELECTRICAL CHARACTERISTICS 


SYMBO 


L | PARAMETERS 


CONDITIONS 


V+ =5V, V— =5V, Voy7(Q)=1-4V, Viatcn = OV, T,=25°C, unless otherwise noted. 


LT1016M 
MIN TYP 


LT1016C 
TYP 


MAX | MIN UNITS. 


(Note 3) 


Propagation Delay | AV =100mV, OD=5mv 


10 


| (Note 3) 


| AViy=100mv, OD =20mv 


Atop “T Differential Propagation (Note 3) AViy =100mV, OD =5mV 


Delay 


| 


Latch Setup Time 


The @ denotes the specifications which apply over the full operating 


temperature range. 


For MIL-STD components, please refer to LTC883 data sheet for test listing 500mvV overdrive at 25°C 
Atpp limits shown can be guaranteed with this test, if additional DC tests are 


and parameters. 


Note 1: input offset voltage is defined as the average of the two voltages 
measured by forcing first one output, then the other to 1.4V. Input offset 


current is defined in the same way. 


Note 2: Input bias current (Ig) is defined as the average of the two input 


Note 3: tpp and Atpp cannot be measured in automatic handling equipment 


with low values of overdrive. The 111016 ts 100% tested with a 1V step and 


only. Correlation tests have shown that tpp and 


performed to guarantee that all internal bias conditions are correct. For low 
overdrive conditions Vog is added to overdrive. 


Note 4: Electrical specifications apply only up to 5.4V. 


than + 5V, or +5V. 


Note 5: See text for discussion of input voltage range for supplies other 


currents. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Gain Characteristics . 


2.5 


5.0 
45 
Ty= + 125°C 
4.0: 
= 3.5 
@ 30 
30 
S25 
5 20/—+ y= -56°C 
= 
5 
o.15 
1.0 
0.5 
0. 
-2.5 -15 -050 0.5 1.5 
DIFFERENTIAL INPUT VOLTAGE(mV) 
Propagation Delay vs 
Source Resistance 
80 T T 
Vg=4+5V 
70 | OVERDRIVE = 20mV 
60 EQUIVALENT INPUT CAPACITANCE | 
IS = 3. 5pF 
I l 
50 TEP SIZE =800MV 
@: 
im 40 
= 
= 
30 
20 “ie 
STEP SIZE=100mV 
10 


— — 


500 1k 1.5k 2k 
SOURCE RESISTANCE(Q) 


LT WR 


2.5k 


3k 


TIME(ns) 


TIME(ns) 


Propagation Delay vs Overdrive 


25 
Ty= 25°C 
20 
15 TT 
STEP SIZE = 100mV 
10 
§ 
0 = i 
0 10 20 30 40 50 
OVERDRIVE(mV) 
Propagation Delay vs 
Supply Voltage 
25 —- 
20 
15 
FALLING EDGE tpput 
10 F —— 
5 


0 
44 46 48 50 52 54 5.6 
POSITIVE SUPPLY VOLTAGE(¥) 


Propagation Delay vs 
Load Capacitance 


TIME(ns) 


0 
0 10 20 30 40 50 
OUTPUT LOAD CAPACITANCE(pF) 


Propagation Delay vs Temperature 


30 


STEP SIZE = 100mV 
25 OVERDRIVE =5mV 
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Latch Set-Up Time 


TIME(ns} 


-2 0 28 50 7” 
JUNCTION TEMPERATURE(°C) 


100 125 


Negative Supply Current 


CURRENT(mA) 


-2 60 2 50 75 100 125 


JUNCTION TEMPERATURE(°C) 


Common-Mode Rejection 
120 


REJECTION RATIO(GB) 
eo 
o 


60 
50 
40 
10k 100k 1M OM 
FREQUENCY(Hz’ 


VOLTAGE(V) 


CURRENT(mA) 


INPUT VOLTAGE(V) 


Output Low Voltage (Vo,) 


Vg = & 5V, Vin =3OmMV 
— 


j— 


0 2 4 6 8 10 12 14 16 18 20 
OUTPUT SINK CURRENT(mA) 


Positive Supply Current 


o 1 2 3 4 5 6 7 8 
SUPPLY VOLTAGE(V) 


Positive Common-Mode Limit 


125 


~25 0 2 SO 7 
JUNCTION TEMPERATURE (°C) 
*SEE APPLICATION SECTION FOR COMMON-MODE 
LIMIT WITH VARYING SUPPLY VOLTAGE. 


—50 100 


OUTPUT VOLTAGE(V) 


CURRENT(mA) 


INPUT VOLTAGE(V) 


Output High Voltage (Vo) 


: ee 
0 2 4 6 8 10 12 14 16 
OUTPUT SOURCE CURRENT(mA) 


18 20 


Positive Supply Current 


1 10 100 


SWITCHING FREQUENCY(MH2} 


Negative Common-Mode Limit 


= SINGLE +5V SUPPI 


-28 0 2 S50 75 


100 
JUNCTION TEMPERATURE (°C) 
*SEE APPLICATION SECTION FOR COMMON-MODE 
LIMIT WITH VARYING SUPPLY VOLTAGE. 
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Latch Pin Threshold 


VOLTAGE(V) 


QUTPUT UNAFFECTED 


—— 


jt 


—-§0 -2 0 2 50 7 100 125 


JUNCTION TEMPERATURE (°C) 


Latch Pin Current* 


CURRENT (A) 


}__}__}_ 
“CURRENT COMES OUT OF LATCH PIN 
BELOW THRESHOLD 


0 
-55 -25 0 2 50 
JUNCTION TEMPERATURE(°C) 


75 100 = 125 
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Common-Mode Considerations 


The LT1016 is specified for a common-mode range of 
—3.75V to +3.5V with supply voltages of + 5V. Amore 
general consideration is that the common-mode range is 
1.25V above the negative supply and 1.5V below the 
positive supply, independent of the actual supply voltage. 
The criteria for common-mode limit is that the output still 
responds correctly to a small differential input signal. 
Either input may be outside the common-mode limit (up to 
the supply voltage) as long as the remaining input is 
within the specified limit, and the output will still respond 
correctly. There is one consideration, however, for inputs 
which exceed the positive common-mode limit. Propaga- 
tion delay will be increased by up to 10ns if the signal in- 
put is more positive than the upper common-mode limit 
and then switches back to within the common-mode 
range. This etfect is not seen for signals more negative 
than the lower common-mode limit. 


Input Impedance and Bias Current 


input bias current is measured with the output held at 
1.4V. As with any simple NPN differential input stage, the 
LT1016 bias current will go to zero on an input which is 
low and double on the input which is high. lf both inputs 
are less than 0.8V above V—, both input bias currents 
will go to zero. If either input exceeds the positive 


LT Eee 


common-mode limit, input bias current will increase 
rapidly, approaching several milliamperes at Vin zVt. 


Differential input resistance at zero differential input 
voltage is about 10kQ, rapidly increasing as larger DC dif- 
ferential input signals are applied. Common-mode input 
resistance is about 4MQ with zero differential input 
voltage. With large differential input signals, the high in- 
put will have an input resistance of about 2MQ and the 
low input, greater than 20MQ. 


Input capacitance is typically 3.5pF. This is measured by 
inserting a 1k@ resistor in series with the input and 
measuring the resultant change in propagation delay. 


Latch Pin Dynamics 


The latch pin is intended to retain input data (output 
latched) when the latch pin goes high. This pin will float 
to a high state when disconnected, so a flow-through 
condition requires that the latch pin be grounded. To 
guarantee data retention, the input signal must be valid at 
least 5ns before the latch goes high (set-up time) and 
must remain valid at least 3ns after the latch goes high 
(hold time). When the latch goes low, new data will ap- 
pear at the output in approximately 8-10ns. The latch pin 
is designed to be driven with TTL or CMOS gates. It has 
no built-in hysteresis. 
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Measuring Response Time 


The LT1016 is able to respond quickly to fast jow level 
signals because it has a very high gain-bandwidth 
product (~50GHz), even at very high frequencies. To 
properly measure the response of the LT 1016 requires an 
input signal source with very fast rise times and excep- 
tionally clean settling characteristics. This last require- 
ment comes about because the standard comparator test 
calls for an input step size that is large compared to the 
overdrive amplitude. Typical test conditions are 100mV 
step size with only 5mV overdrive. This requires an input 
signal that settles to within 1% (1mV) of final value in on- 
ly a few nanoseconds with no ringing or ‘‘long tailing’. 
Ordinary high speed pulse generators are not capable of 
generating such a signal, and in any case, no ordinary 
oscilloscope is capable of diplaying the waveform to 
check its fidelity. Some means must be used to inherently 
generate a fast, clean edge with known final value. 


The circuit shown in Figure 1 is the best electronic means 
of generating a known fast, clean step to test com- 
parators. It uses a very fast transistor in a common base 
configuration. The transistor is switched ‘‘off’’ with a 
fast edge from the generator and the collector voltage set- 
tles to exactly OV in just a few nanoseconds. The most im- 
portant feature of this circuit is the lack of feedthrough 
from the generator to the comparator input. This prevents 
overshoot on the comparator input which wouid give a 
false fast reading on comparator response time. 


To adjust this circuit for exactly 5mV overdrive, Vj is ad- 
justed so that the LT1016 output under test settles to 


Ov 


ov 


- Sv 
Figure 1. Response Time Test Circuit _ 


1.4V (in the linear region). Then Vy is changed —5V to 
set overdrive at 5mvV. 


The test circuit shown measures low to high transition on 
the ‘‘+’’ input. For opposite polarity transitions on the 
output, simply reverse the inputs of the LT1016. 


High Speed Design Techniques 


A substantial amount of design effort has made the 
LT1016 relatively easy to use. It is much less prone to 
oscillation and other vagaries than some slower com- 
parators, even with slow input signals. in particular, the 
LT1016 is stable in its linear region, a feature no other 
high speed comparator has. Additionally, output stage 
switching does not appreciably change power supply 
current, further enhancing stability. These features make 
the application of the 50GHz gain-bandwidth LT1016 
considerably easier than other fast comparators. Unfor- 
tunately, laws of physics dictate that the circuit 
environment the LT1016 works in must be properly 
prepared. The performance limits of high speed circuitry 
are often determined by parasitics such as stray 
capacitance, ground impedance, and layout. Some of 
these considerations are present in digital systems where 
designers are comfortable describing bit patterns and 
memory access times in terms of nanoseconds. The 
LT1016 can be used in such fast digital systems and 
Figure 2 shows just how fast the device is. The simple 
test circuit allows us to see that the LT1016’s (Trace B) 


+5v 0 (0.01"* 


ra 


“10K SCOPE PROBE 
(Cy = 10pF) 
10X SCOPE PROBE 
(Cin = 10pF) 


“SEE TEXT FOR CIRCUIT EXPLANATION 
**TOTAL LEAD LENGTH INCLUDING DEVICE PIN, 
SOCKET AND CAPACITOR LEADS SHOULD BE 
LESS THAN 0.5 IN. USE GROUND PLANE 
T(Vog + OVERDRIVE) x 1000 
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response to the pulse generator (Trace A) is as fast as a 
TTL inverter (Trace C) even when the LT1016 has only 
millivolts of input signal! Linear circuits operating with 
this kind of speed make many engineers justifiably wary. 
Nanosecond domain linear circuits are widely associated 
with oscillations, mysterious shifts in circuit characteris- 
tics, unintended modes of operation and outright failure 
to function. 


Other common problems include different measurement 
results using various pieces of test equipment, inability to 
make measurement connections to the circuit without 
inducing spurious responses and dissimilar operation be- 
tween two “‘identical’’ circuits. If the components used 
in the circuit are good and the design is sound, all of the 
above problems can usually be traced to failure to provide 
a proper circuit ‘‘environment.’’ To learn how to do this 
requires studying the causes of the aforementioned 
difficulties. 


By far the most common error involves power supply 
bypassing. Bypassing is necessary to maintain low sup- 
ply impedance. DC resistance and inductance in supply 
wires and PC traces can quickly build up to unacceptable 
levels. This allows the supply line to move as internal cur- 


TEST CIRCUIT 


PULSE 
GENERATOR 


Vrer 


OUTPUTS 
VERTICAL B=5Vv/DIV 


rent levels of the devices connected to it change. This will 
almost always cause unruly operation. In addition, 
several devices connected to an unbypassed supply can 
“‘communicate’’ through the finite supply impedances, 
causing erratic modes. Bypass capacitors furnish a sim- 
ple way to eliminate this problem by providing a local 
reservoir of energy at the device. The bypass capacitor 
acts like an electrical flywheel to keep supply impedance 
low at high frequencies. The choice of what type of 
capacitors to use for bypassing is a critical issue and 
should be approached carefully. An unbypassed LT1016 
is shown responding to a pulse input in Figure 3. The 
power supply the LT1016 sees at its terminals has high 
impedance at high frequency. This impedance forms a 
voltage divider with the LT1016, allowing the supply to 
move as internal conditions in the comparator change. 
This causes local feedback and oscillation occurs. 
Although the LT1016 responds to the input pulse, its out- 
put is a blur of 100MHz oscillation. Always use bypass 
capacitors. 


In Figure 4 the LT1016’s supplies are bypassed, but it 
still oscillates. In this case, the bypass units are either too 
far from the device or are lossy capacitors. Use capacitors 
with good high frequency characteristics and mount 


A=5V/DIV 


C=5V/DIV 


HORIZONTAL = 10ns/DIV 


Figure 2. LT1016 vs a TTL Gate 


A=2V/DVV 


HORIZONTAL = 100ns/DIV 


Figure 3. Unbypassed LT1016 Response 


HORIZONTAL = 100ns/ DIV 


Figure 4. LT1016 Response with Poor Bypassing 
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them as close as possible to the LT1016. An inch of wire 
between the capacitor and the LT1016 can cause prob- 
lems. If operation in the linear region is desired, the 
LT1016 must be over a ground plate with good RF bypass 
capacitors (= 0.01yF) having lead lengths less than 0.2 
inches. Do not use sockets. 


in Figure 5 the device is properly bypassed but a new 
problem pops up. This photo shows both outputs of the 
comparator. Trace A appears normal, but Trace B shows an 
excursion of almost 8V — quite a trick for a device running 
from a +5V supply. This is a commonly reported problem 
in high speed circuits and can be quite confusing. It is not 
due to suspension of natural law, but is traceable to a 
grossly miscompensated or improperly selected oscil- 
loscope probe. Use probes which match your oscillo- 
scope’s input characteristics and compensate them pro- 
perly. Figure 6 shows another probe-induced problem. 
Here, the amplitude seems correct but the 10ns response 
time LT1016 appears to have 50ns edges! In this case, the 


A=2V/0V 


B=2V/DIV 


probe used is too heavily compensated or slow for the os- 
cilloscope. Never use 1X or‘‘straight'’ probes. Their band- 
width is 20MHz or less and capacitive loading is high. 
Check probe bandwidth to ensure it is adequate for 
the measurement. Similarly, use an oscilloscope 
with adequate bandwidth. 


In Figure 7 the probes are properly selected and applied 
but the LT1016’s output rings and distorts badly. In this 
case, the probe ground lead is too long. For general pur- 
pose work most probes come with ground leads about 6 
inches long. At low frequencies this is fine. At high 
speed, the long ground lead looks inductive, causing the 
ringing shown. High quality probes are always supplied 
with some short ground straps to deal with this problem. 
Some come with very short spring clips which fix directly 
to the probe tip to facilitate a low impedance ground con- 
nection. For fast work, the ground connection to the 
probe should not exceed 1 inch in length. Keep the 
probe ground connection as short as possible. 


Figure 5. Improper Probe Compensation Causes 
Seemingly Unexplainable Amplitude Error 


VERTICAL = 1V/DIV 


HORIZONTAL =50ns/DIV 


Figure 6. Overcompensated or Slow Probes Make Edges 
Look Too Slow 


VERTICAL = 1V/ DIV neaiaiats 


HORIZONTAL = 20ns/DIV 


Figure 7. Typical Results Due to Poor Probe Grounding 
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Figure 8 shows the LT1016’s output (Trace B) oscillating 
near 40MHz as it responds to an input (Trace A). Note 
that the input signal shows artifacts of the oscillation. 
This example is caused by improper grounding of the 
comparator. In this case, the LT1016’s ground pin con- 
nection is 1 inch long. The ground lead of the LT1016 
must be as short as possible and connected directly to a 
low impedance ground point. Any substantial impedance 
in the LT1016’s ground path will generate effects like 
this. The reason for this is related to the necessity of 
bypassing the power supplies. The inductance created 
by a long device ground lead permits mixing of ground 
currents, causing undesired effects in the device. The 
solution here is simple. Keep the LT1016’s ground pin 
connection as short (typically ‘4 inch) as possible and run 
it directly to a low impedance ground. Do not use sockets. 


Figure 9 addresses the issue of the ‘‘low impedance 
ground,’’ referred to previously. In this example, the out- 
put is clean except for chattering around the edges. This 
photograph was generated by running the LT1016 with- 
outa ‘‘ground plane.’’ A ground plane is formed by using 
acontinuous conductive plane over the surface of the cir- 


A=1V/0NV 


B=2v/DIV 


cuit board. The only breaks in this plane are for the cir- 
cuit’s necessary current paths. The ground plane serves 
two functions. Because it is flat (AC currents travel along 
the surface of a conductor) and covers the entire area of 
the board, it provides a way to access a low inductance 
ground from anywhere on the board. Also, it minimizes 
the effects of stray capacitance in the circuit by referring 
them to ground. This breaks up potential unintended and 
harmful feedback paths. Always use a ground plane with 
the LT1016, when input signal levels are low or slow 
moving. 


‘‘Euzz’’ on the edges is the difficulty in Figure 10. This 
condition appears similar to Figure 10, but the oscillation 
is more stubborn and persists well after the output has 
gone low. This condition is due to stray capacitive feed- 
back from the outputs to the inputs. A 3kQ input source 
impedance and 3pF of stray feedback allowed this oscilla- 
tion. The solution for this condition is not too difficult. 
Keep source impedances as low as possible, preferably 
1kQ or less. Route output and input pins and components 
away from each other. 


HORIZONTAL = 100ns/DIV 


Figure 8. Excessive LT1016 Ground Path Resistance 


Causes Oscillation 


VERTICAL = 2V/DIV 


HORIZONTAL = 100ns/DIV 


Figure 9. Transition Instabilities Due to No Ground Plane 


VERTICAL = 2V/DIV 


HORIZONTAL = 50ns/DIV 


Figure 10. 3pF Stray Capacitive Feedback with 3kQ 
Source Can Cause Oscillation 
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The opposite of stray-caused oscillations appears in 
Figure 17. Here, the output response (Trace B) badly lags 
the input (Trace A). This is due to some combination of 


high source impedance and stray capacitance to ground: 


at the input. The resulting RC forces a lagged response at 
the input, and output delay occurs. An RC combination of 
2kQ source resistance and 10pF to ground gives a 20ns 
time constant — significantly longer than the LT1016’s 
response time. Keep source impedances low and mini- 
mize stray input capacitance to ground. 


Figure 12 shows another capacitance-related problem. 
Here the output does not oscillate, but the transitions are 
discontinuous and relatively slow. The villain of this situa- 
tion is a large output load capacitance. This could be 
caused by cable driving, excessive output lead length or 
the input characteristics of the circuit being driven. In 
most situations this is undesirable and may be eliminated 
by buffering heavy capacitive loads. In a few. cir- 


A=2V/DIV @ 
VERTICAL 
B=2V/DIV 


cumstances it may not affect overall circuit operation and 
is tolerable. Consider the comparator’s output load 
characteristics and their potential effect on the circuit. If 
necessary, buffer the load. 


Another output-caused fault is shown in Figure 13. The 
output transitions are initially correct but end in a ringing 
condition. The key to the solution here is the ringing. 
What is happening is caused by an output lead which is 
too long. The output lead looks like an unterminated 
transmission line at high frequencies and reflections oc- 
cur. This accounts for the abrupt reversal of direction on 
the leading edge and the ringing. if the comparator is 
driving TTL this may be acceptable, but other loads may 
not tolerate it. In this instance, the direction reversal on 
the leading edge might cause trouble in a fast TTL load. 
Keep output lead lengths short. If they get much longer 
than a few inches, terminate with a resistor (typically 
2500-400Q). 


HORIZONTAL = 10ns/DIV 


Figure 11. Stray 5pF Capacitance from Input to Ground 


Causes Delay 


A= 


HORIZONTAL = 100ns/DIV 


Figure 12. Excessive Load Capacitance Forces 
Edge Distortion 


A=1V/0IV 


~ HORIZONTAL =50ns/DIV 


Figure 13. Lengthy, Unterminated Output Lines Ring 
from Reflections 
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200ns-0.01% Sample-and-Hold Circuit 


Figure 14’s circuit uses the LT1016’s high speed to 
improve upon a standard circuit function. The 200ns ac- 
quisition time is well beyond monolithic sample-and-hold 
capabilities. Other specifications exceed the best com- 
mercial unit’s performance. This circuit also gets around 
many of the problems associated with standard sample- 
and-hold approaches, including FET switch errors and 
amplifier settling time. To achieve this, the LT1016’s high 
speed is used in a circuit which completely abandons 
traditional sample-and-hold methods. 


Important specifications for this circuit include: 


Acquisition Time <200ns 
Common-Mode Input Range +3V 
Droop 1pV/ ps 
Hold Step amv 

Hold Settling Time 15ns 
Feedthrough Rejection >> 100dB 


When the sample-hold line goes low, a linear ramp starts 
just below the input level and ramps upward. When the 
ramp voltage reaches the input voltage, A1 shuts off the 
ramp, latches itself off, and sends out a signal indicating 
sampling is complete. 


—15V 


Figure 14. 200ns Sample-and Hold 
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1.8ys, 12-Bit A-D Converter 


The LT1016’s high speed is used to implement a very fast 
42-bit A-D converter in Figure 15. The circuit is a modified 
form of the standard successive approximation approach 
and is faster than most commercial SAR 12-bit units. In 
this arrangement the 2504 successive approximation 
register (SAR), A1 and C1 test each bit, beginning with the 
MSB, and produce a digital word representing Vin’s value. 
To get faster conversion time, the clock is controlled by the 
window comparator monitoring the DAC-input summing 
junction. Additionally, the DMOS FET clamps the DAC out- 
put to ground at the beginning of each clock cycle, 
shortening DAC settling time. After the fifth bit is con- 
verted, the clock runs at maximum speed. 


1Hz-10MHz V— F Converter 


The LT1016 and the LT1012 low drift amplifier combine 
to form a high speed V->F converter in Figure 16. A 
variety of circuit techniques is used to achieve a 1Hz to 
10MHz output. Overrange to 12MHz (Vij =12V) is 
provided. This circuit has a wider dynamic range (140dB, 
or 7 decades) than any commercially available unit. The 
10MHz full-scale frequency is 10 times faster than 
currently available monolithic V—-F’s. The theory of 
operation is based on the identity Q=CV. 


-5V OUTPUT SAMPLE-HOLD 


COMMAND (TTL) 
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Each time the circuit produces an output pulse, it feeds 
back a fixed quantity of charge (Q) to a summing node 
(2). The circuit's input furnishes a comparison current at 
the summing node. The difference signal at the node is 
integrated in a monitoring amplifier’s feedback capacitor. 
The amplifier controls the circuit’s output pulse 
generator, completing a feedback loop around the 
integrating amplifier. To maintain the summing node at 
zero, the pulse generator runs at a frequency which 


PARALLEL 
DIGITAL DATA «MSE 


Q1-05 RCA CA3127 ARRAY 
Pe 1Nn4148 


of HP5082-2810 


*1% FILM RESISTOR 
**PRECISION 0.01%; VISHAY S-102 


Vv 


Figure 15. 12-Bit 1.8us SAR A--D 


permits enough charge pumping to offset the input 
signal. Thus, the output frequency will be linearly related 
to the input voltage. A1 is the integrating amplifier. 


To trim this circuit, ground the input and adjust the 1k pot 
for 1Hz output. Next, apply 10.000V and set the 2kQ unit 
for 10.000MHZz output. The transfer linearity of the circuit 
is 0.06%. Full-scale drift is typically 50ppm/°C and zero 
point error about 0.2nV/°C (0.2Hz/°C). 
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d 
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1Hz-10MHz V to F Converter 
1.8k 
+15V 
a3 i 
big 33pF POLYSTYRENE 
+5V 
inl 
INPUT 6.19k* Pr 2N4393(2) 
OV-10V 2k 
GAIN TRIM 
+16V 
9.1k 
1k 10M 
4Hz TRIM 
9.1k 
—15V 
pp = 1N4148 = “ 
4Hz-10MHz 
OUTPUT 
60s WIDE PULSES 
Voltage Controlled Pulse Width Generator 
FULL SCALE 
CALIBRATION 
5002 
Vin=0 TO 2.5V 
070 2.5ps 
(MINIMUM WIDTH == 0.05,s) 


8.2k 
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Single Supply Precision RC 1MHz Oscillator 


=6.2k0* 


> 
= aie 


*SELECT OR TRIM FOR f=1.00MHz 


1-10MHz Crystal Oscillator 


+5V 


2k 
1~10MHz CRYSTAL 


APPENDIX A 
About Level Shifts 


The TTL output of the T1016 will interface with many 
circuits directly. Many applications, however, require 
some form of level shifting of the output swing. With 
LT1016-based circuits this is not trivial because it is desir- 
able to maintain very low delay in the level shifting stage. 
When designing level shifters, keep in mind that the TTL 
output of the LT1016 is a sink-source pair (Figure A1) with 
good ability to drive capacitance (such as feedforward 
capacitors). 

Figure A2 shows a non-inverting voltage gain stage with a 
15V output. When the LT1016 switches, the base-emitter 
voltages at the 2N2369 reverse, causing it to switch very 
quickly. The 2N3866 emitter-follower gives a low im- 


4V 


OUTPUT =0 TO TYPICALLY 3V-4V 


LT1016 OUTPUT 
Figure A1 


pedance output and the Schottky diode aids current sink 
capability. 


Figure A3 is a very versatile stage. It features a bipolar 
swing which may be programmed by varying the output 
transistor’s supplies. This 3ns delay stage is ideal for 
driving FET switch gates. Q1, a gated current source, 
switches the Baker-clamped output transistor, Q2. The 
heavy feedforward capacitor from the LT1016 is the key to 
low delay, providing Q2’s base with nearly ideal drive. This 
capacitor loads the LT1016’s output transition (Trace A, 
Figure A4), but Q2’s switching is clean (Trace B, Figure A4) 
with 3ns delay on the rise and fall of the pulse. 


+15V 


NON-INVERTING VOLTAGE GAIN 12pF 


Trigg = 4ns 
Figure A2 


tran. =5ns 
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Figure AS is similar to A2 except that a sink transistor has 
replaced the Schottky diode. The two emitter-followers 
drive a power MOSFET which switches 1A at 15V. Most 
of the 7ns-9ns delay in this stage occurs in the MOSFET 
and the 2N2369. 


INVERTING VOLTAGE GAIN — BIPOLAR SWING 


When designing level shifters, remember to use tran- 
sistors with fast switching times and high fy’s. To get the 
kind of results shown, switching times in the ns range 
and f;’s approaching 1GHz are required. 


+5V (TYP) 


+5v OUTPUT TRANSISTOR SUPPLIES 
output _ (SHOWN IN HEAVY LINES) 
~ yy CAN BE REFERENCED ANYWHERE BETWEEN 
+15V AND — 15V 


trise=3ns 
treaty = 3ns 
—10V (TYP) 
Figure A3 
A=2V/DIV 
B=10V/DIV 
(INVERTED) 


HORIZONTAL = 5ns/DIV 


Figure A4. Figure A3’s Waveforms 


2N2369 


tpise = 7ns 


trai =9ns 
NON-INVERTING VOLTAGE GAIN 


Ry 


POWER FET 


Figure AS 
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TECHNOLOGY Ultra Fast Precision Comparator 


FEATURES 


@ Ultra Fast (10ns typ) 

= Operates Off Single + 5V Supply, or + 5V 
= Complementary Output to TTL 

= Low Offset Voltage 

= No Minimum input Slew Rate Requirement 
= No Power Supply Current Spiking 

# Output Latch Capability 


APPLICATIONS 


= High Speed A to D Converters 

= High Speed Sampling Circuits 

m Line Receiver 

= Extended Range V to F Converters 

ws Fast Pulse Height/Width Discriminators 


DESCRIPTION 


The LT1016 is an ultra fast (10ns) comparator specifically 
designed to interface directly to TTL logic while operating 
off either a dual +5V supply ora single +5V supply. Tight 
offset voltage specifications and high gain allow the 
LT1016 to be used in precision applications. Matched 
complementary outputs further extend the versatility of 
this new comparator. 


A unique output stage is featured on the LT1016. It pro- 
vides active drive in both directions for maximum speed 
into TTL logic or passive loads, yet does not exhibit the 
large current spikes normally found in “totem pole” out 
put stages. This eliminates the need for a minimum input 
slew rate typical of other very fast comparators. The abil- 
ity of the LT1016 to remain stable with the outputs in the 
active region greatly reduces the problem of output 
“glitching” when the input signal is slow moving or is low 
level. 


The LT1016 has a true latch pin for retaining input data at 
the outputs. The outputs will remain latched as long as the 
latch pin is held high. Quiescent negative power supply 
current is only 3mA — about ten times lower than com- 
petitive units. This reduces die temperature and allows the 
negative supply pin to be driven from virtually any supply 
voltage with a simple resistive divider. Device performance 
is not affected by variations in negative supply voltage. 


Ln 


10-25MHz Crystal Oscillator 


40-25MHz 
ax (AT CUT) 


Response Time 


Vin 
100mV STEP 
SmV OVERDRIVE 


Vout 
1V/DIV 


LT1016CS8 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Positive Supply Voltage (Note 4) ..............eseeeees 7V 

Negative Supply Voltage 0.0... .. cece eeee ec ea ee eeee Vv wae Vic ORDER PART 
Differential Input Voltage ................ceceere ees +5V NUMBER 
Input Voltage (Either Input)............. Equal to Supplies 

Latch Pin Voltage. ..............ceeceee Equal to Supplies 

Output Current (Continuous)...............0se00 +20mA 

Operating Temperature Range ............... 0°C to 70°C 58 PACKAGE 

Storage Temperature Range............. ~ 65°C to 150°C pics 1016 
Lead Temperature (Soldering, 10sec.) ............. 300°C 


ELECTRICAL CHARACTERISTICS 


V+ =5V,V~ =5V, Vour(Q)=1.4V, Viarcn = OV, Ta = 25°C, unless otherwise noted. 


LT1016C 
SYMBOL | PARAMETERS CONDITIONS MIN TYP MAX UNITS 
Vos Input Offset Voltage Rg < 1008 (Note 1) ml 1.0 +3 mV 
e +35 mV 
Vos input Offset Voltage Drift le] 4 aPC 
AT i eS Ae on 
log Input Offset Current (Note 1) 0.3 1 pA 
| 6 0.3 1.3 pA 
Ip Input Bias Current |e (Note 2) 5 10 pA 
e 13 pA 
Input Voltage Range (Note 5} e 3.75 +35 ape V 
Single +5V Supply e +1.25 $3.5 7 
CMRR | _Common-Mode Rejection ~3,75V<Voys +3.5V e 80 96 dB 
PSRR Supply Voltage Rejection Positive Supply 4.6V<V* <5.4V ° 60 75 ES aB 
Negative Supply 2V<V- <7V e 80 100 dB 
ba a 

Ay Small Signal Voltage Gain WsVoyrs2V 1400 3000 VV 
Vou Output High Voltage V*>4.6V, lour= 1mA e 27 29 ae V 
lot = 10mA e 2.4 28 v 
Vor Output Low Voltage lgnx = 4A e 0.3 05 v 
Isink = 10mA 0.4 V 

Positive Supply Current 
Negative Supply Current 3 5 mA 
Latch Pin Hi Input Voltage : v 
Vir Latch Pin Lo Input Voltage e 0.8 v 
li Latch Pin Current Viatcu = OV e 500 [BA 
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LT1016CS8 


i 
ELECTRICAL CHARACTERISTICS 


V+ =5V, V~ =5V, Vour(Q)=1.4V, Viatcu = OV, Ta= 25°C, unless otherwise noted. 


LT1016C 
SYMBOL PARAMETERS CONDITIONS MIN TYP MAX UNITS 
tpp Propagation Delay AViy = 100mV, OD = 5mV 10 14 ns 
(Note 3} L 16 \ ns 
AViy = 100mV, OD = 20mV 9 12 ns 


Atpp Differential Propagation (Note 3) AViy = 100mV, 0D = 5mV 3 ns 
Delay 
is Latch Setup Time 2 aI ns 


Note 3: Propagation delay is measured with the overdrive added to actual 
Vos. Guaranteed but not tested. 


Note 4: Electrical specifications apply only up to 5.4V. 


Note 5: See text for discussion of input voltage range for supplies other 
than +5V, or + 5V. 


The @ denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: Input offset voltage is defined as the average of the two voltages 
measured by forcing first one output, then the other to 1.4V. Input offset 
current is defined in the same way. 

Note 2: input bias current (1,) is defined as the average of the two input 
currents. 


Vagus 


NOTES 
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FEATURES 


= Maximum Offset Voltage = 1mV 

® Maximum Bias Current 15nA 

® Typical Output Drive 70mA 

= Operates from 1.1V to 40V 

s Internal Pull-Up Current 

® Output Can Drive Loads Above V+ 

 30uA Supply Current (LT1017) 
110A Supply Current (LT1018) 


APPLICATIONS 


= Power Supply Monitors 
= Relay Driving 
s Oscillators 


«0% 


ceF se? 


pert 
Dp 


LT1017/LT1018 
Micropower Dual Comparator 


DESCRIPTION 


The LT1017 and LT1018 are general purpose micropower 
comparators. The LT1017 is optimized for lowest operat: 
ing power while the LT1018 operates at higher power and 
higher speed. Both devices can operate from a single 1.1V 
cell up to 40V. The output stage includes a class “B” pull- 
up current source, eliminating the need for an external re- 
sistive pull-up and saving power. The output stage is also 
designed to allow driving loads connected to a supply 
more positive than the device, as can comparators with 
open collector output stages. 


Input specifications are also.e Epr-chip trimming 
minimizes offset vol igh gain and common: 
mode rejecti er input-referred errors low. 
Compaen ge rangej und. Special cir- 
Qwreens fals even if the input is 
overdriven. 


"4 kad Yio are pin compatible with older dual 
a 


rators such as 393 type devices. 


er eer 


ate Refrigerator Alarm 


OUTPUT HIGH FOR 
665k" 0°C sT 55°C 


YS! 44011 
258.3k@5°C 
333.1k@0°C 


*1% RESISTOR 


Supply Current 


LT1018 
OUTPUTS 
LOW 


SUPPLY CURRENT (pA) 


2 4 10 20 40 
TOTAL SUPPLY VOLTAGE (V) 


LY We 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage........... cece cececececeeesvevenees 40V 
Differential Input Voltage............. cc ecces cence ek 40V 
Input Voltage ........ ccc cece ee eee eae ee ees ~0.3V to 40V 
Short Circuit Duration........0....cccccceeeeee Indefinite 
Operating Temperature Range 

LT1017M, LT1018M... cece eee ~ 58°C to 126°C 

LTIO17C, LT1018C 0... cece eee ee eas 0°C to 70°C 
Storage Temperature Range............ ~ 65°C to 150°C 
Lead Temperature (Soldering, 10 sec).............. 300°C 


PACKAGE/ORDER INFORMATIO 


METAL CAN H PACKAGE 


TOP VIEW 


PLASTIC DIP N8 PACKAGE 


TOP VIEW 


= 


ORDER PART NUMBER 


t+ 


LT1017MH, LT1017CH 
LT1018MH, LT1018CH 
+LT1017CN8 
LT1018CN8 


ELECTRICAL CHARACTERISTICS 


LT1017 LT1018 

PARAMETER CONDITION UNITS 

i MIN TYP MAX MIN TYP MAX | 
Offset Voltage +0.75V<Vg< + 20V 5°C 04 1 04 1 mV 
(Note 1} e 05 «(1.4 05 14 mV 
125°C | 1.5 07 15 [ mV 
Bias Current £0.75V<Vg< +20V 25°C 5 15 15 75 nA 
e 7 5 18 100 nA 
125°C 10 40 110 nA 
Offset Current | £0.75V $Vgs +20V 25°C 04 2 1 8 nA 
e 05 «63 16 12 nA 
125°C 12 20 nA 
Common-Mode Rejection Ratio Vg= +20V, ~20V<Voy<19.1¥ °C} 105 = 145 105115 dB 
e 100 «115 100.115 dB 
125°C | 86 100 95 110 dB 
Power Supply Rejection Ratio +0,75V<Vss +20V 26°C | 96 110 96 110 dB 
e 95 105 95 105 dB 
| 125°C} 86 86 100 ie dB 
Gain No Load, Voy = + 19.9V (Note 2) 26°C | 110 115 110. 125 dB 
e 105115 105 120 dB 
126°C; 100 100 dB 
RL =4k, Voyr= + 19V 25°C | 100 110 100 = 110 dB 
e 94 94 L dB 
Output Sink Current V*=45V,V7 =0 S°C} 30) 65 3570 mA 
Overdrive > 30mV e 25 50 25 50 mA 
| 125°C| 10 20 10 30 mA 
Output Source Current Vt =40V, V~ =0 25°C; 30 = 75 75 250 nA 
Vin = SMV, Voyr=0.4V e |); 3 7 50 220 pA 
126°C | 25 75 50 200 uA 
Output Source Current Vt=1.2V,V7 =0 25°C | 25 = 35 70 = 140 pA 
Viy= SMV, Voyr = 0.4V e 1520 45 120 uA 
I 125°C; 25 40 40 110 A 
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LT1017/LT1018 


Tn 


ELECTRICAL CHARACTERISTICS 


— 
LT1017 LT1018 
UNITS 
PARAMETER L CONDITIONS MIN” TYP MAX MIN. TYP MAX 
Negative Output Saturation lour=0 V* =4.5V,V~ =0 ~ | 25°C  § 20 mV 
=0.1mA Vin= — 10mV 25°C 35 «60 mv 
=imA 26°C 60 = 120 mV 
= 10mA 25°C 120 200 120 250 mV 
=30mA 25°C 350 600 350 = 700 mV 
lout =0 e 5 20 8 20 mV 
=0.1mA e 40 75 35 70 mV 
=1mA e 75 (150 70 = 180 mV 
= 10mA ® 150 300 150 300 mV 
=30mA e 600 900 500 900 mV 
lour=0 125°C 2 8650 10 = 40 mV 
=0.1mMA 125°C 60 =: 100 60 = 100 mV 
=1mA 125°C 100 200 110 200 mV 
=10mA 126°C 300 600 300 = 400 mV 
L = 30mA 125°C 900 mV 
Positive Output Saturation Ioyt = 0 25°C 40 80 35 80 mV 
=10hA 25°C 175 250 175 250 mV 
= e 45 3990 45 90 mV 
= 104A e 190 © 300 190 300 mV 
=0 125°C 50 = 100 50 = 100 mV 
= 1A 125°C 300 4 300 mv 
Leakage Current Vg=5V, Vopr =40¥ [asec 05 3 1 8 7 aA 
Vin2 100mV ° 06 3 18 © 10 uA 
iz 126°C| 5 15 . pA 
Supply Current Vg=5V 125°C 30.60 110 250 aA 
e 40 = 80 110 = 250 pA 
125°C 80 300 pA 
Vg = 40V 25°C 4 «90 130 250 pA 
e 56 100 140 270 nA 
ls 125°C | 100 n_| _t 
Minimum Operating Voltage lour= IMA 25°C 115 | 12 v 
e 1.16 12 v 
a 125°C | 1.15 1.2 V 
The @ denotes specifications which apply over operating temperature Note 1: Offset voltage is guaranteed over a common-mode voltage range of 
range of - 55°C to 85°C for M grade parts and 0°C to 70°C for C grade V7 sViys(V* -0.9V). 
parts. Note 2: No load gain is guaranteed but not tested (LT1017 only). 
Input Bias Current Input Offset Current Bias Current vs Differential Input 


BIAS CURRENT (nA) 


LT1017 —Ig 


INPUT BIAS CURRENT (nA) 
INPUT OFFSET CURRENT (nA) 


1 0 0 
—50 -25 0 25 50 75 100 125 150 —50 -2 0 2 50 75 100 125 20 -02 -01 0 O1 O02 2 
TEMPERATURE (°C) TEMPERATURE (°C) DIFFERENTIAL INPUT VOLTAGE (V) 
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LT1017/LT1018 


TYPICAL PERFORMANCE CHARACTERISTICS 


Input Bias Current with Inputs 
Driven Below the Supply 


100 


10 


INPUT BIAS CURRENT (A) 


02 \V- ~@2 -04 -06 -08 -10 
COMMON-MODE VOLTAGE (V) 


Positive Supply Current 

40k 
3 
3 
> 
z 
B 
w 100 
= 
i77) 
2 

10 
0.1 
OUTPUT SINK CURRENT mA 
Output Sinking Current Limit 
OUTPUT SHORTED TOV+ 
[T1018 r 

= 80 Vg=5V 
é 
= LT1017 
= 6 ven 
5 8 LT1018 
a Vg=40V + 
ec 
B 40 
5 LT1017 
z Vg=40V 
So 2 


0 
-50 -25 0 2 50 75 100 125 150 


TEMPERATURE (°C) 


, Common-Mode Limits 


Vv 
-0.4 
wef Foe] 


COMMON-MODE VOLTAGE (V} 


2 50 75 100 125 150 
TEMPERATURE (°C) 


NPN Output Saturation Voltage 


100 
-—+—_ + ear | 


SUPPLY CURRENT (yA) 


2 g 
wy = 
& = 
B a 
= ad 
2 100 a 
2 s 
& ra) 
2 5 
7% = 
o 
10 
A 10K 100A tmA—10mA— 100m A 
SINK CURRENT (mA) 
Total Switching Time 
400 
Ri(L T1018) =47kO 
RU(LT1017)=200k2 
Vour=90% Veinat 
@ Voverprive = 5mV 
y ae 
2 es ~ 
e 2 
g L11018 Yi 
= = 
5 ‘el —— = = 
| aad > 
3S Ls si 
z —— Fa 
5 RISE er 
1 
-50 -25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


Supply Current 
160 
Vsuppiy=20V | 
140 r  LT1018 
OUTPUTS LOW 
420 
100 
80 
t | LT1017 
e OUTPUTS LOW 


40 


L11017 
20 OUTPUTS HIGH 


-6§0 -25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


Output Sinking Current Limit 


100 
OUTPUT SHORTED TO V+ 
—-+—_4+— 
LT1018 
80 \ 
60 
40 
20 
0 
t 2 5 10 20 3040 
TOTAL SUPPLY VOLTAGE (V) 
Output Delay 
LT1017 VouT=10%VeinaL 
RISES 
a LT1017 
FALL 
Hd 
LT1018 iA 
10 RISE 111018 
A FALL 
+— 
1 
0.1 1 10 100 


OVERDRIVE (mV) 
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LT1017/LT1018 


TYPICAL PERFORMANCE CHARACTERISTICS 


Transition Time Positive Transition Time 


LT1017 a 
= 
L— tA 


100 


10% VewarsVours90% VeiNaL 
Voverprive = 10mV 
asia Sea 


$ 

g 4 AZ 
Z 2 

2 Zz 1 

S = 

= B 

Q z 

4 << 

= = 


1 | 
10% Vina Vout 90% VeinaL 
Voveronive = t0mV 


0 10 20 30 40 1k 10k 100k 1M 
TOTAL SUPPLY VOLTAGE (V) PULL-UP RESISTOR (9) 
LT1017 Response Time LT1017 Response Time 
v+=5V, V- =0V 5 V+=5V; V-=0V 
Vin = 100mV WITH 4 Viy=100mV WITH 
10mV OVERDRIVE = 3 10mV OVERDRIVE 
a2 
4d 
0 
z 
> 
0 5 10 15 20 25 30 35 ; 0 5 10 15 20 25 30 35 
TIME (us) TIME (pS) 
LT1018 Response Time LT1018 Response Time 
V+=5V; V—-=0V 5 V+=5V; V—-=0V 
Vin= 100mV WITH a 4 Vin= t00mV WITH 
4OmV OVERDRIVE = 3 10mV OVERDRIVE 
32 
eo 4 
0 
z 
> 
0 2 4 6 8 10 12 0 2 4 6 8 10 12 
TIME (us) TIME (ys) 


LT 


APPLICATIONS 


Driving Relays Increasing Positive Output Current Delay On Power Up 
+12V vt vt 


2N3904 400k 


Vin 


Vout 
1N4148 


= v- 


tk 


LT1017/LT1018 


Sa a NE 


APPLICATIONS 


LT1018 Op Amp, Ay= 100 LT1017 Op Amp, Ay = 100 


5V 


Vour 


Ry = 200k0 


Ry = 100k 
BANDWIDTH =30Hz 


—SLEW=320V/ms aL an 
+ SLEW =0.93V/ms ~SLEW =23.5V/ms S 
*WITH R1=1k +SLEW =0.017V/ms 
BANDWIDTH = 200Hz BANDWIDTH =0.3H2@R, =: 220k 
2-Wire Comparator 
4.7k 
SUPPLY 
Vv 3 
(N 4N4148 (2) 
OUTPUT 
= 111018 ONLY 3V<Vsuppry <40V 
Vout 
—5V@50mA 0.0 laf 47k 
co SUPPLY 
= Vin 1N4148 (4) 
OUTPUT 
—Vin = 3V=VeuppLy 40V 
—5.2V 10 —40v = 
5V Power Supply Monitor 
TRIANGLE WAVE 


y+ OUTPUT (0.5V TO 2.5V) 


3k 


OUTPUT HIGH FOR 
4.5V <Viy<5.5V 


SQUARE WAVE 
OUTPUT 


OUTPUT VALID LT 1009 
FOR V+21.1V 25V 


*1% RESISTOR 
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LT1017/LT1018 


APPLICATIONS 


Power Supply Monitor 


LT1004 0.01pF 


1.2 


LED 
OFF 

FLASH AT (Hz 
FLASH AT 3Hz 
FLASH AT 5Hz 


1N4148 


Regulated Up Converter 


el 


OUTPUT 
10V, 2mA 


7 100pF 


Rat 


tVour=1.2 (1 +H) 120k 


*DALE TE-5/03/400mH 


OV-1V 
{NPUT 


FULL SCALE 
TRIM 


4.5V Input Flyback Regulator 


1N4148 
HP5082-2810 
OUTPUT 5V 
365k* 
120K 1N4148 
ATaF 


“1% FILM RESISTOR 
L1=RL1123-4.7-RENCO, INC. 
80% EFFICIENCY AT 2mA OUTPUT 


Low Power’ V to F Converter 


3M 


1N4148 
OkH2-1kHz 


OUTPUT 
0.001 pF 
POLYSTYRENE 


g10xt 


1N4148 


1N4148 


1N4148 


“|= 350pA 
14% RESISTOR 


AT Ee 


LT1017/LT1018 


APPLICATIONS 


Fully Isolated Limit Comparator 


5V 


INTERROGATE 
PULSE 
500ps 


TRW # PC-550-32 


INTERROGATE PULSE | l 
ourpur pulse 


Vin>VRip 
NO OUTPUT PULSE FOR Vin<Vtpip 


OUTPUT 


ALL GATES 74C02 


PACKAGE DESCRIPTION 


H Package 
8-Lead TO-5 Metal Can 


0.335 ~0,370 
(8.509 9.398) 
DIA 
0,305 - 0.335 
(7.747 8.509) 


nG 
Mae 0.165 —0.185 
L MAX (1931 4-899) 
ml y REFERENCE 
SEATING an 
GAUGE ry 
PLANE PLANE 0.500~0.750 
0.010—0.045 Al l ll (1270—19.05) 
nats rl Lge 0.016 0.021 
DO) ee (7-620—8. 128) 
0.027—0.088 
45° TYP 4 0.027 —0.045 
‘0.027-0.094 AN (0.686 — 1.143) 
(68d— 0.864) 
0.200 0.230 
{5.080—5.842) 
Bsc 
0.110 0.160 
(2794 — 4.064) 
INSULATING 
STANDOFF sas 


NOTE: LEAD DIAMETER 1S UNCONTROLLED BETWEEN 
THE REFERENCE PLANE AND SEATING PLANE. 


Tj max ; 8c 
150°C |150°C/W | 45°C/W 


N Package 
8-Lead Plastic DIP 


0.400 
(10.160) 
MAX 
[3] 


0.250 40.010 
(6.350 2.0.254) 
0,130 0,005 
0.045 ~0.065 0.190 + 0,005. 
rasa ash) be (3.3020.127) 
0.065 0,020 
(0.508) 
a F 
0,009 0.015 0.125 
(0.229—0.381) (3.175) 
MIN 
0.048 0.015, 
(1.143 0.381) 
0.100 0.010 0.018 0.003 
(2.540 0.254) (0.457 20.076) 
N6188 


max | & 
100° |130°C/W 
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y LIN AR LT1017CS/LT1018CS 


TECHNOLOGY — icropower Dual Comparator 


FEATURES DESCRIPTION 

= Maximum Offset Voltage tmV The T1017 and LT1018 are general purpose micropower 
= Maximum Bias Current {5nA comparators. The LT1017 is optimized for lowest operat- 
® Typical Output Drive 70mA —_ ing power while the LT1018 operates at higher power and 


= Operates from 1.1V to 40V 

@ Internal Pull-Up Current 

= Output Can Drive Loads Above vt 

= 30yA Supply Current (LT1017) 
110uA Supply Current (LT1018) 


higher speed. Both devices can operate from a single 1.1V 
cell up to 40V. The output stage includes a class “B” pull- 
up current source, eliminating the need for an external re- 
sistive pull-up and saving power. The output stage is also 
designed to allow driving loads connected to a supply 


more positive than the device, ee with 


open collector output sta 
APPLICATIONS me 4 8 
Input speci Iso excelle' 


A ee trimming 
= Power Supply Monitors mi \ oltage, and common- 
= Relay Driving jection ratio ut-referred errors low. 


= Oscillators er : ba . 


p 
ge includes ground. Special cir- 
aise output states even if the input is 


1.5V Powered Refrigerator Alarm Supply Current 


OUTPUT HIGH FOR 
665k* & 52.3k* 0°C=T<5°C 


YSI 44011 
258.3k@5°C 
333.1k@0°C 


LT1017 
| OUTPUTS } 
LOW 


SUPPLY CURRENT (yA) 


20 40 


2 4 1 
TOTAL SUPPLY VOLTAGE (V) 
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LT1017CS/LT1018CS 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage...........ccccescseecesceeeeeceeaees 40V 
Differential Input Voltage............c.cccececeeeees 40V 
Input Voltage..........cccccceseeeeeeeeees ~0.3V to 40V 
Short Circuit Duration.............c.eceeeeeees Indefinite 
Operating Temperature Range............... 0°C to 70°C oure 
Storage Temperature Range............ ~ 65°C to 150°C 
Lead Temperature (Soldering, 10 sec).............. 300°C 


PACKAGE/ORDER INFORMATION 


ORDER PART 
NUMBER 


TOP VIEW 


LT1017CS 
LT1018CS 


uTA Gs 


PART MARKING 


LT1017CS | 
LT1018CS 


S16 PACKAGE 
PLASTIC SOL 


ELECTRICAL CHARACTERISTICS 


PARAMETER CONDITIONS 
Offset Voltage +0.75VsVgs + 20V 25°C 
(Note 1) e 
Bias Current £0.75VsVgs + 20V 25°C 
e 
Offset Current £0.75V<Ve< +20V ee 
Common-Mode Rejection Ratio Vg= + 20V, ~20V<Voys19.1V 25°C 
e 
Power Supply Rejection Ratio +£0.75VsVg< +20V 26°C 
e 
Gain No Load, Voyy = + 19.9V (Note 2) 25°C 
e 
RU= 4k, Voup= + 19V 25°C 
e 
Output Sink Current Vt =45V, V7 =0 25°C 
Overdrive >30mV e 
Output Source Current + =40V,V~ =0 25°C 
Vin =5mV, Voyr =0.4V e 
Output Source Current V+ =1.2V,V" =0 


Vin 


5mV, Voy = 0.4V 


LT1017 LT1018 


MIN TYP MAX MIN TYP MAX 
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LT1017CS/LT1018CS 


ELECTRICAL CHARACTERISTICS 


LT1017 LT1018 

PARAMETER CONDITIONS E MIN” TYP MAX 1 MIN TYP MAX 7 UNITS 

Negative Output Saturation r lout=0 vt =4.5V,V" =0 25°C 5 20 5 15 mV 

=0.1mA Vin= — 10mV 25°C 35 «60 3 60 mV 

=1mA 25°C 60 =: 120 60 =: 120 mV 

=10MA 25°C 120 200 120 250 mV 

=30mA 25°C 350 600 350 700 mV 

lour=0 ° 5 20 8 =20 mV 

=0.1mA e 40 75 35 70 mV 

=1mA e 75 = 160 70 = 150 mV 

=10mA e 150 300 150 300 mV 

=30mA e { 600 900 500 900 mV 

iti HT ra oe 7 Sale 

Positive Output Saturation Ioyt = 0 26°C, 40 80 35 80 mV 

= 104A 25°C 175 250 175 250 mV 

=0 e 4 «= 45 90 mV 

| = 10pA eo 190 300 | 190 300 | mV 

Leakage Current Vg = 5V, Vout = 40V 25°C 05 3 1 8 pA 

{__Vin= 100mV e | 06 3 as 18 10 | pA 

Supply Current Vg =5V 25°C 30 60 110 250 pA 

e 40 80 110 250 pA 

Vg = 40V 25°C 40 90 130 250 pA 

| e 55 100, | 140 270 pA 

Minimum Operating Voltage loyt= IMA 25°C T_ 1.15 1.2 le 7] 

e | 1145 | 1.2 V 

The @ denotes specifications which apply over operating temperature Note 1: Offset voltage is guaranteed over a common-mode voltage range of 
range of 0°C to 70°C. V7 <Viys(V* -0.9V). 


Note 2: No load gain is guaranteed but not tested (LT1017 only). 


DO Wye 6-55 


NOTES 
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FEATURES 


= Micropower 
1.5uW (1 Sample/Second) 
= Power Supply Flexibility 
Single Supply +2.8V to + 16V 
Spiit Supply + 2.8V to +8V 
= Guaranteed Max. Offset 0.5mV 
= Guaranteed Max. Tracking Error between Input 
Pairs +0.1% 
# Input Common-Mode Range to Both Supply Rails 
= TTL/CMOS Compatible with + 5V or Single +5V 
Supply 
® Input Errors are Stable with Time and Temperature 


APPLICATIONS 


= Battery Powered Systems 
= Remote Sensing 

« Window Comparator 

= BANG-BANG Controllers 


LTC1040 
Dual Micropower Comparator 


DESCRIPTION 


The LTC1040 is a monolithic CMOS dual comparator manu- 
factured using Linear Technology’s enhanced LTcmos™ 
silicon gate process. Extremely tow operating power levels 
are achieved by internally switching the comparator ON fer 
short periods of time. The CMOS output logic holds the out- 
put information continuously while not consuming any 
power. 


in addition to switching power ON, a switched output is 
provided to drive external loads during the comparator’s 
active time. This allows not only low comparator power, 
but low total system power. 


Sampling is controlled by an external strobe input or an 
internal oscillator, The oscillator frequency is set by an ex- 
ternal RC network. 


Each comparator has a unique input structure, giving two 
differential inputs. The output of the comparator will be 
high if the algebraic sum of the inputs is positive and low 
1 the algebraic sum of the inputs is negative. 


a 


Window Comparator with Symmetric Window Limits 


VIN 


Agur=""1" WHEN 
Vin>Vet4 


A+B="1" WHEN 
Vo-AsVinsVotS 


Boyt =‘‘1"" WHEN 
Vin<Vo-A 


ttomos™ is a trademark of Linear Technology Corporation. 


LT WR 


Typical LTC1040 Supply Current 
vs Sampling Frequency 


SUPPLY CURRENT, ls (#A) 


1 10 1,000 10,000 
SAMPLING FREQUENCY, fs (Hz} 
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ABSOLUTE MAXIMUM RATINGS 


PACKAGE/ORDER INFORMATION 


Total Supply Voltage (V+ toV7) 000.2... 18V Pa ivonaniae aRBER 
Input Voltage .......... (V+ +0.3V) to(V- —0.3V) RANGE PART NUMBER 
Operating Temperature Range + 
LTC1040C ... ee, — 40°C to 85°C —59°C to 125°C | LTC1040MJ 
LTC1I040M.. 0... — 55°C to 125°C ~ 40°C to 85°C | LTC 1040CN 
Storage Temperature Range ....... ~ 55°C to 150°C ee 
Lead Temperature (Soldering, 10sec.)........ 300°C 
Output Short Circuit Duration ........... Continuous 
Test conditions: V+ =5V, V~ = —5V, Tyin<Ta<Tmax unless otherwise Specified. 
LTC1040M /LTC1040C 
SYMBOL | PARAMETER “f CONDITIONS NIN Typ MAX UNITS 
Vos Offset Voltage (Note 1) Split Supplies + 2.8V to + 6V i e | £0.3 +0.5 mV 
|_ Single Supply (V~ =GND) +2.8V to 6V Lt | 
Split Supplies + 6V to + 8V e +1 +3 mv 
Single Supply (V~ =GND) +6V to +15V I 
Tracking Error |” Split Supplies +. 2.8V to + 8V Tel 0.05 0.1 % 
between Input Pairs Single Supplies (V~ =GND) + 2.8 to +16V 
(Notes 1 and 2) 
lpias input Bias Current [ T,=25°C, OSC= GND { +£0.3 | _nA 
Rw Average Input | fg= 1kHz (Note 3) Ve 20 30 MQ 
Resistance 
7 
CMR Common-Mode Range e vo vt [ V 
PSR Power Supply Range Split Supplies e T 2.8 +8 | V 
Single Supplies (V~ = GND) el. +2.8 +16 | 7 
Ison Power Supply ON V* =5V, Vpp On e 1.2 3 mA 
Current (Note 4) _| 
\s(orr) Power Supply OFF V* =5V,Vpp Off — LTC1040C e 0.001 0.5 BA 
Current (Note 4) LTC1040M e 0.001 5 HA 
tp Response Time TT ,= 25°C 60 80 100 is 
(Note 5} | 
A, B, A+B and 
ON/OFF Outputs (Note 6) 
Von Logic ‘*1"’ Output Voltage {| V* =4.75V, Igyp= —360nA e 2.4 4.4 V 
Vo Logic ‘‘0"’ Output Voltage | V+ =4.75V, Igyy=1.6MA | @ 0.25 0.4 V 
i : 
STROBE Input (Note 6) = | 
Vin Logic ‘'1'* Input Voltage V+ =5,25V e 2.0 1.6 v 
Vit Logic ‘‘0’' Input Voltage Vt=4,75V peas 1.0 0.8 V 
Reyt External Timing Resistor Tied between V* and OSC Pin e 100 10,000 kQ 
Resistor I 
fs Sampling Frequency | Ta= 25°C, Rext= 1MQ, Cext=0.1 uF [ 5 Hz 
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The @ denotes the specifications which apply over the full operating 


temperature range. 


Note 1: Applies over input voltage range limit and includes gain 


uncertainty. 
Note 2: Tracking error =(Vjn1 — VIN2)/VIN1- 


Note 3: Rx is guaranteed by design and is not tested. 


Ryn = 1/ {fg x 33pF). 


Note 4: Average supply current =tp x IS(ON) xfg+(1—-tpxfS)x 
\S(OFF)- 

Nate 5: Response time is set by an internal oscillator and is independent 
of overdrive voltage. 

Note 6: Inputs and outputs also capable of meeting EIA/ JEDEC B series 
CMOS specifications. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Peak Supply Current vs 
Supply Voltage 


'scon) (mA) 


2 4 6 8 70 06120~«d14 18 


SUPPLY VOLTAGE, V+ (V) 


Response Time vs Supply 
Voltage 


RESPONSE TIME, tp (us) 


2 4 6 8 10 12 #14 = «16 
SUPPLY VOLTAGE, V+ (V} 


NORMALIZED SAMPLING FREQUENCY 


Normalized Sampling 
Frequency vs Supply Voltage 
and Temperature 


Sampling Rate vs Rext, Cext 


ed 
Oo 


ad 
o 


@ 


(fg/fg AT 5V, 25°C) 
3 > 
SAMPLE RATE, fs (Hz) 


Ss 
a 


° 
a 


0 2 4 6 8 0 12 14 16 
SUPPLY VOLTAGE, V+ (V) 


Rext (9) 


input Resistance vs Sampling 
Frequency 
1011 


Vpp Output Voltage vs Load 
Current 


as 
S 
3 


TYPICAL OUTPUT VOLTAGE DROP, V+ ~Vpp (V) 


AVERAGE INPUT RESISTANCE, Riy (1/fs x 33pF) (2) 


103 


1 10 102 
SAMPLING FREQUENCY, fs (Hz) 


3.4 5 6 7 8 9 10 
LOAD CURRENT, I, (mA) 


LT \ ee 
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LTC1040 
TYPICAL PERFORMANCE CHARACTERISTICS 


Response Time vs Quick Hookup Guide 
Temperature Self-Oscillating External Strobe 
vt 
EXTERNAL 
1 18 STROBE 
= 71 Rext INPUT 
. 16) 
Cext 
°F 
: | 
9 10! 
-50 -25 0 2% 50 75 100 125 = 
AMBIENT TEMPERATURE, Ta (°C) 
V+ (18) 
Vin 
OUTPUT 


= V~ (10) 
ALL INPUTS ON OPPOSITE COMPARATOR AT GROUND 


BLOCK DIAGRAM 


TIMING 
GENERATOR 


6-60 LY Wie 


LTC1040 


a 


APPLICATIONS INFORMATION 


The LTC1040 uses sampled data techniques to achieve 
its unique characteristics. Some of the experience ac- 
quired using classic linear comparators does not apply to 
this circuit, so a brief description of internal operation is 
essential to proper application. 


The most obvious difference between the LTC1040 and 
other comparators is the dual differential input structure. 
Functionally, when the sum of inputs is positive, the com- 
parator output is high and when the sum of the inputs is 
negative, the output is low. This unique input structure is 
achieved with CMOS switches and a precision capacitor 
array. Because of the switching nature of the inputs, the 
concept of input current and input impedance needs to be 
examined. 


The equivalent input circuit is shown in Figure 1. Here, 
the input is being driven by a resistive source, Rs, witha 
bypass capacitor, Cs. The bypass capacitor may or may 
not be needed, depending on the size of the source re- 
sistance and the magnitude of the input voltage, Vin . 


Figure 1. Equivalent Input Circuit 


For Rs < 10k 


Assuming Cs is zero, the input capacitor, Cin, charges to 
Vin with a time constant of Rs Cin . When Rs is too large, 
Cin does not have a chance to fully charge during the 
sampling interval (~ 80ys) and errors will result. If Rs 
exceeds 10k® a bypass capacitor is necessary to mini- 
mize errors. 


For Rs > 10kQ 


For Rs greater than 10kQ, Cin cannot fully charge and a 
bypass capacitor, Cs, is needed. When switch S1 closes, 


Wen 


charge is shared between Cs and Cin. The change in 
voltage on Cs because of this charge sharing is: 


CIN 
AV=VIN X Tin + Cs 


This represents an error and can be made arbitrarily small 
by increasing Cs. 


With the addition of Cs a second error term caused by the 
finite input resistance of the LTC1040 must be con- 
sidered. Switches $1 and S2 alternately open and close, 
charging and discharging Cin between Vin and ground. 
The alternate charge and discharge of Cin causes a cur- 
rent to flow into the positive input and out of the negative 
input. The magnitude of this current is: 


lin =q xfs =Vin Cin fs 


where fs is the sampling frequelicy. Because the input 
current is directly proportional to input voltage, the 
LTC1040 can be said to have an average input resistance 
of: 


aaNet ted 
RIN= Ty Fg Cin fs x 33pF 


(see typical curve of Rin vs fs). A voltage divider is set up 
between Rs and Rin causing error. 


The input voltage error caused by these two effects is: 


y CIN Rs 
ERROR=VIN \Ciy-+Cs + RS+RIN 
Example: fs = 10Hz, Rs = 1MQ, 


Cs =1pF, Vin=1V 
_ 4, (338x107? 108 
vesnon=10 ( 1x10-6 * 106+3x 109 


= 33nV + 330nV = 363zV. 
Notice that most of the error is caused by Rin. If the 


sampling frequency is reduced to 1Hz, the voltage error 
is reduced to 66pV. 
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APPLICATIONS INFORMATION 
Minimizing Comparison Errors 


The two differential input voltages, V1 and V2, are con- 
verted to charge by the input capacitors Cini and Cin2 
(see Figure 2). The charge is summed at the virtual 
ground point and if the net charge is positive, the com- 
parator output is high and if negative, itis low. There is an 
optimum way to connect these inputs, in a specific appli- 
cation, to minimize error. 


eee 


Figure 2. Duat Differential Equivalent Input Circuit 


Ignoring internal offset, the LTC 1040 will be at its switch- 
ing point when: 


V1 x Cini +V2 x Cine =0. 


Optimum error will be achieved when the differential 
voltages, V1 and V2, are individually minimized. Figure 3 
shows two ways to connect the LTC1040 to compare an 
input voltage, Vin , toa reference voltage, VreF. Using the 
above equation, each method will be at null when: 


(a) (Veer — OV) Cint —(OV—Vin) Cin2 =0 
or Vin =Vrer (Cini /Cin2) 

(b) (VReF —Vin) Cin1 ~ (OV—OV) Cino=0 
or Vin =VREF. 


Notice that in method (a) the null point depends on the 
ratio of Cin /Cin2, but method (b) is independent of this 
ratio. Also, because method (b) has zero differential input 
voltage, the errors due to finite input resistance are 
negligible. The LTC 1040 has a high accuracy capacitor 
array and even the non-optimum connection will only 
result in + 0.1% more error worst-case compared to the 
optimum connection. 


Tracking Error 


Tracking error is caused by the ratio error between Cini 
and Cin2 and is expressed as a percentage. For example, 
consider Figure 3(a) with Vper = 1V. Then at null, 


Cini 
Vin = VREF Gino = 1V = imv 


because Cin1 is guaranteed to equal Cin2 to within 0.1%. 


VREF Veer 
Vin 
a 
Vin | a 


(a) OK (b) Optimum 


Figure 3. Two Ways to Do It 


Common-Mode Range 


The input switches of the LTC 1040 are capable of switch- 
ing to either the V+ or V~ supply. This means that the in- 
put common-mode range includes both supply rails. 
Many applications, not feasible with conventional com- 
parators, are possible with the LTC1040. In the load cur- 
rent detector shown in Figure 4, a 0.10 resistor is used to 
sense the current in the V+ supply. This application re- 
quires the dual differential input and common-mode 
capabilities of the LTC1040. 


R. 


la = 
if 
OUT=HIIF IL>1A 


OUT=LO IF IL <ta 


Figure 4. Load Current Detector 
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APPLICATIONS INFORMATION 
Offset Voltage Error 


The errors due to offset, common-mode, power supply 
variation, gain and temperature are all included in the off- 
set voltage specification. This makes it easy to compute 
the error when using the LTC1040. 


Example: error computation for Figure 4. 
Assume: 2.8V <Vs <6V. 
Then total worst-case error is: 


1A 


Toomy = *6mA 


IL(ERROR) = = (100mV x 0.001 + 0.5mV) x 
t { 


Tracking Error Vos 


IL(eRROR) 7 = 5A x100= 40.6%. 


Note: If source resistance exceeds 10k@, bypass 
capacitors should be used and the associated errors 
must be included. 


Pulsed Power (Vpp) Output 


It is often desirable to use comparators with resistive net- 
works such as bridges. Because of the extremely low 
power consumption of the LTC1040, the power con- 
sumed by these resistive networks can far exceed that of 
the device itself. 


At low sample rates the LTC1040 spends most of its time 
off. To take advantage of this, a pulsed power (Vpp) out- 
put is provided. Vpp is switched to V+ when the com- 
parator is on and toa high impedance (open circuit) when 
the comparator is off. The ON time is nominally 80ys. 
Figure 5 shows the Vpp output circuit. 


Vr 


[-B0us | 


COMPARATOR ON TIME 


GND Vpp 


Figure 5. Vpp Output Switch 


LT Wie 


The Vpp output voltage is not precise (see Vpp Output 
Voltage versus Load Current curve). There are two ways 
Vpp can be used to power external networks without ex- 
cessive errors: (1) ratiometric networks and (2) fast set- 
tling references. 


in a ratiometric network (see Figure 6), the inputs are all 
proportional to Vpp . Consequently, for small changes, the 
absolute value of Vep does not affect accuracy. 


Figure 6. Ratiometric Network Driven by Vpp 


It is critical that the inputs to the LTC1040 completely 
settle within 4ys of the start of the comparison cycle and 
that they do not change during the 80ps ON time. When 
driving resistive networks with Vpp , capacitive Joading on 
the network should be minimized to meet the 4us settling 
time requirement. It is not recommended that Vpp be 
used to drive networks with source impedances, as seen 
by the inputs, of greater than 10kQ. 


in applications where an absolute reference is required, 
the Vpp output can be used to drive a fast settling 
reference. The LT1009 2.5V reference, ideal in this ap- 
plication, settles in approximately zus (see Figure 7). The 
current through R1 must be large enough to supply the 
LT1009 minimum bias current ( ~ 1mA) and the load cur- 
rent, IL. 


Figure 7. Driving Reference with Vpp Output 
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APPLICATIONS INFORMATION 
Output Logic 


In addition to the normal outputs (Aout and Bout), two 
additional outputs, A+ B and ON/OFF, are provided (see 
Figure 8 and Table I). All logic is powered from Vt and 
ground, thus input and output logic levels are independ- 
ent of the V~ supply. The LTC1040 is directly com- 
patible with CMOS logic and is TTL compatible for 
4.75V<V* <5.25V. No external pull-up resistors are 
required. 


Table |. Output Logic Truth Table 


CAINPUTS  <BINPUTS  Agur Boyy A+B ON/OFF 
+ + H H L L 
+ - H L L L 
7 + L H L H 
- = L L H * 


*|=indeterminate. When both A and B outputs are low, the ON/OFF output 
remains in the state it was in prior to entering Agyr=Bgur=L. 


Using External Strobe 


A positive pulse on the strobe input, with the OSC input 
tied to ground, will initiate a comparison cycle. The 
STROBE input is edge-sensitive and pulse widths of 50ns 
will typically trigger the device. 


COMPARATOR A 
OUTPUT 


COMPARATOR B 
OUTPUT 


STROBE | 


be-e0,s-—| 


Figure 8. LTC1040 Logic Diagram 


Because of the sampling nature of the LTC1040, some 
sensitivity exists between the offset voltage and the fall- 
ing edge of the input strobe. When the falling edge of the 
strobe signal falls within the comparator’s active time 
(80us after rising edge), offset changes of as much as 
2mvV can occur. To eliminate this problem, make sure the 
strobe pulse width is greater than the response time, tp. 


Using internal Strobe 


An internal oscillator allows the LTC 1040 to strobe itself. 
The frequency of oscillation, and hence sampling rate, is 
set by an external RC network (see typical curve of fre- 
quency versus RextT, CexT). 


For self-oscillation, the STROBE pin must be tied to 
ground. The external RC network is connected as shown 
in Figure 9. 


To assure oscillation, Rext must be between 100k and 
10M. There is no fimit to the size of CexT. 


Rext is very important in determining the power con- 
sumption. The average voltage at the oscillator pin is ap- 
proximately V+ /2. The power consumed by Rext is 
then: Prext =(V+ /2)2/Rexr. 


Figure 9. External RC Connection 
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APPLICATIONS INFORMATION 


Example: Rext = 1M, V+ =5V, Prext =(2.5)2/ 108 = power is a premium Rext should be made as large as 
6.25 x 107 SW. possible. Note that the power consumed by Rext is not a 


io 
This is about four times the power consumed by the function of fs or Cext. 


LTC1040 at V+ =5V and fs = 1 sample/ second. Where 


re 


TYPICAL APPLICATIONS 


Complete Heating/Cooling Automatic Thermostat 


5V AT 0.85pA 


AIRCONDITIONING ON 


28°C 


HYSTERESIS 


AIRCONDITIONING OFF 
HEATER OFF 


HYSTERESIS 
HEATER ON 


HEAT 


TEMPERATURE 
rr) 
8 
é 


SEPARATION 
(20mv) 


TTHERMISTOR #44007 


YELLOW SPRINGS INSTRUMENT CO. INC. 
*HYSTERESIS=5V x 35 = 20mV 


Window Comparator with Independent Window Limits and Fully Floating Differential Input 


Agyr="'1"" WHEN 
Vin > Vu 


A+B="'1" WHEN 
Vy2 Vin= Vb 


Boyt =""1" WHEN 
Vin< Ve 
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TYPICAL APPLICATIONS 


Hysteresis Comparator with Fully Floating Differential Input 


Ving | 


Vine 


OUT=""0" WHEN Vjy>vy= “TR RA (GV) Bt 


- = 0,996 Vrpip-+ 20mV 


ey, V: 
QUT ="1"" WHEN Viy < V1 = pu? _ 9 g96V ip 


*TO CENTER HYSTERESIS ABOUT Vraip FORCE THIS INPUT TO HYSTERESIS/2 (10mV) 


2 
2.49MQ 


Temperature Controlled Cooling Fan to Reduce Fan Noise, Power Consumption and Wear 


909 


*YS1 44034 = 


The LTC1040 as a Linear Amplifier 


With a simple RC filter the LTC 1040 can be made to func- 
tion as a linear amplifier. By filtering the logic output and 
feeding it back to the negative input, the loop forces the 
output duty cycle [ton /(ton + torr )] so that Vout equals 
Vin (Figure 10). 


The RC time constant is set to keep the ripple on the output 
small. The maximum output ripple is: AV=V+* /fsRC and 


should be set to 0.5mV to 1mvV for best results. Notice that ye— | 

the higher the sampling frequency, fs, the lower RC can Py 

be. This is important because the RC filter also sets the | [ tore—+] —Vour=v tom 
—! ton 


loop response. A convenient way to keep fs as high as 
possible under all conditions is to connect a 100k resistor 
to pin 16 (OSC) with no capacitance to ground. Figure 10. The LTC1040 as a Linear Amplifier 
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TYPICAL APPLICATIONS 


2-Wire 0°C to 100°C Temperature Transducer with 4mA to 20mA Output 


12V TO 40V 
occ =4mA 
100°C =20mA 
Lti019-5 | 
LL 2N6657 
500 
— 1822 
TYELLOW SPRINGS INSTRUMENT 
PART NO. 44201 RETURN 
FULL-SCALE 
ADJUST 
ACCURACY = 40.1°C + +£0.2°C = +0.3°C 
CIRCUIT ERROR TRANSDUCER 
AT 25°C ERROR 
Analog Multiplier / Divider Single + 5V Voltage-to-Frequency Converter 
Veer (5V) 


Ya 74000 


v 
four (AVERAGE) = fy Varz 40.1% FS 


VatV 
VouT= se 


1--V2)x Ve 
Ve 
ACCURACY = + 10mV NO TRIM 

"Vy MUST BE >Vq+(V1—V2) 
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PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise nated. 


J Package. 
18 Lead Hermetic DIP 


0.025 0.220-0.310 
(0855 5.590—7.870) 
0.005 
0.290-0.320 0.160 _ 2200, 
77-368-8. 128) (4.084) 6.08) 
MAX MAX 
ee ee ha 
0.015 0.060 
{0.380 —1.520) 
0,008 —0.018 90° + 4° | 
r~ise (0.203=0.460) TYP 
0,385 20.025 | 0.014—0.026 } 
(6.700.635) 3600, au 
ean rd 0.100+0.010 ee (0.360 — 0.660) 175) 
(254020.254) MIN 


Jt 188 


Tmax 9; 
150°C 80°C/W 


N Package 
18 Lead Plastic DIP 


0,250 + 0.010 
(6.350 0.254) 
0.900 —0,320 0.065 
(7.620~ 8.128) (1.651) 0.045 ~0.065 
TYP r% 1) 
t — 0.020 
0.1304 0.005. t a (0.508) 
(3:3020,127) 
0.125 f 
8.175) 
MIN . 
0.009 -0.015 | 
(0-229 —0.387) 70540-20254) 
o.3o5 40.025 0.045 40.015 0.018 + 0.003 
0.015 (1.443:0.381) (0.457 £0,076} 
+0.635 
(0.255 70581) rae 


Timax Oia 
110°C 120°C/W 
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FEATURES 


= Micropower 1.52W (1 Sample/ Second) 
= Wide Supply Range 2.8V to 16V 
® High Accuracy 
Guaranteed SET POINT Error +0.5mV Max. 
Guaranteed Deadband + 0.1% of Value Max. 
= Wide Input Voltage Range V+ to Ground 
@ TTL Outputs with 5V Supply 
® Two independent Ground-Referred Control Inputs 
@ Small Size 8-Pin MiniDIP 


APPLICATIONS 


= Temperature Control (Thermostats) 
= Motor Speed Control 

® Battery Charger 

= Any ON-OFF Control Loop 


Ultra Low Power 50°F to 100°F (2.42W) Thermostat 


26VAC 2 WIRE 
THERMOSTAT 


0.4 nF 


562 


es 
| Ps 


49.90 


ALL RESISTORS 1%. 


TYELLOW SPRINGS INSTRUMENT CO., INC. P/N 44007 
DRIVING THERMISTOR WITH Vpp ELIMINATES 3.8°F 
ERROR DUE TO SELF-HEATING. 
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BANG-BANG Controller 


DESCRIPTION 


The LTC1041 is a monolithic CMOS BANG-BANG controller 
manufactured using Linear Technology’s enhanced 
LTCMOS™ silicon gate process. BANG-BANG loops are 
characterized by turning the control element fully ON or 
fully OFF to regulate the average value of the parameter to 
be controlled. The SET POINT input determines the aver- 
age control value and the DELTA input sets the deadband. 
The deadband is always 2 x DELTA and is centered around 
the SET POINT. Independent control of the SET POINT and 
deadband, with no interaction, is made possible by the 
unique sampling input structure of the LTC1041. 


An external RC connected to the OSC pin sets the sam- 
pling rate. At the start of each sample, internal power to 
the analog section is switched on for ~ 80us. During this 
time the analog inputs are sampled and compared. After 
the comparison is complete, power is switched off. This 
achieves extremely low average power consumption at 
low sampling rates. CMOS logic holds the output con- 
tinuously while consuming virtually no power. 


To keep system power at an absolute minimum, a switched 
power output (Vpp) is provided. External loads, such as 
bridge networks and resistive dividers, can be driven by 
this switched output. 


The output logic sense (i.e., ON=V* ) can be reversed 
(i.e., ON=GND) by interchanging the Vin and SET 
POINT inputs. This has no other effect on the operation of 
the LTC 1041. 


Supply Current vs Sampling Frequency 


SUPPLY CURRENT, Is (nA) 


CURRENT 


1 100 1000 © 10000 
SAMPLING FREQUENCY, fs (Hz) 


Lemos” is a trademark of Linear Technology Corporation. 
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ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage (Vt toV— ) 


18V 


Input Voltage .......... (V+ +0.3V) to(V- —0.3V) 
Operating Temperature Range 
LTC1041C .... eee —40°C to 85°C 
LTC1041M.................. —55°C to 125°C 
Storage Temperature Range ....... — 55°C to 150°C 
Lead Temperature (Soldering, 10 sec.)........ 300°C 
Output Short Circuit Duration ........... Continuous 


PACKAGE/ORDER INFORMATION 


| 
ORDER PART 


TEMPERATURE 
2 , RANGE | NUMBER 
on/OFF [1] au 
vin LTG1041 Ver 
SET POINT fejosc | —55°C to 425°C | LTC1041MJ8 
eno] rs] pera | —40°C to 85°C LTC1041C0N8 


N8 PACKAGE 
PLASTIC DIP 


J8 PACKAGE 
HERMETIC DIP 


ELECTRICAL CHARACTERISTICS 


Test Conditions: V+ =5V, Tyin<Ta<Tmax unless otherwise specified. 


LTC1041M/LTC10416 
SYMBOL L PARAMETER CONDITIONS MIN TYP MAX UNITS 
SET POINT Error (Note 2) V+ =2.8V to 6V (Note 1) +0.3 +0.5 mV 
e + + 
L +0.05 +0.1 | % of DELTA 
V+ =6V to 15V (Note 1) +1 +3 mV 
e + + 
+0.05 +0.1 | % of DELTA 
Deadband Error (Note 3) V+ =2.8V to 6V (Note 1) +0.6 +1 mv 
e + + 
+0.1 +0.2 | % of DELTA 
V+ =6V to 15V (Note 1) +2 +6 mV 
e + + 
+0.1 +0.2 | % of DELTA 
+—————  — 
los Input Current Vt =5V, Ta= 25°C, OSC =GND “ih +0.3 nA 
(Vij, SET POINT and DELTA Inputs) 
Rw Equivalent Input Resistance fg= 1kHz (Note 4) e 10 15 7 Mo 
Input Voltage Range e| GND vt Vv 
PSR Power Supply Range le 2.8 16 V 
Ison) Power Supply ON V+ =5V, Vpp ON ) 1.2 3 z mA 
Current (Note 5) 
Is(orr) | Power Supply OFF | V*=5V, Vpp OFF _LTC1041C Te 0.001 0.5 pA 
Current (Note 5) LTC1041M e 0.001 5 pA 
ty _{ Response Time (Note 6) Vt=5v 60 80 100 us 
ON/OFF Output (Note 7) | 
Vou Logical ‘'1’’ Output Voltage V+ =4,75V, loyt= — 360pA e 2.4 4.4 V 
Vor Logical ‘‘0"’ Output Voltage V+ =4,75V, lqyy=1.6MA 0.25 0.4 v 
Rext External Timing Resistor Resistor Connected between V* and OSC Pin |e 100 10,000 kQ 
fs Sampling Frequency Vt =5V, Ty=25°C, 1 5 Hz 
Rext= 1M Ceyp=0. 1pF 


The @ denotes the specitications which apply over the full operating 
temperature range. The shaded electrical specifications indicate those 
parameters which have been improved or guaranteed test limits provided 
for the first time. 


Note 1: Applies over input voltage range limit and includes gain 


uncertainty. 


V 
Nate 2: SET POINT error= ( “ 


VL 


} — SET POINT 


where Vy =upper band limit and V, = lower band limit. 


Note 3: Deadband error =(V,y—V,) — 2 x DELTA where Vy = upper band 
limit and V, = lower band limit. 

Note 4: Ryy is guaranteed by design and is not tested. 

Rin=1/(fg x 66pF). 

Note 5: Average supply current = ty x Ison) x f3 + (1 — to x fx) I siorry. 
Note 6: Response time is set by an internal oscillator and is independent 
of overdrive voltage. tp =Vpp pulse width. 

Note 7: Output also capable of meeting EIA/JEDEC standard B series 
CMOS drive specifications. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Normalized Sampling 
Frequency vs Vt, 
Ison) vs V* Temperature Sampling Rate vs Rext, Cext 


's¢any (mA) 


SAMPLE RATE, fs (Hz) 


NORMALIZED SAMPLING FREQUENCY 
(ig AT 5V, 25°C) 


2 4 6 8 10 12 14 16 “o 2 4 6 8&8 0 12 14 16 
SUPPLY VOLTAGE, V* (V) SUPPLY VOLTAGE, V+ (V) Rext (2) 


Response Time vs Supply 


Voltage Response Time vs Temperature 
110 130 
420 
100 
110 
a g 
a 90 = 100 y, 
rey uw 
90 
2 50 — ——| - 
(2) ww 80 
3 3 
8 70 — i @ 70 
60 
60 | 
50 
50 40 
2 4 6 8 10 12 14 16 —50 -25 0 25 «50 75 100-125 
SUPPLY VOLTAGE, V+ (V) AMBIENT TEMPERATURE, Ta (°C) 


Vpp Output Voltage vs Load 


Current Rin vs Sampling Frequency 

> =a] & 1011 
a — 
= 5 
$ . 
‘ sc 
a = 
& = 
8 SB 199 
2 z " 
Qo n 
=. an 
5 w Ht 
Oo. od 
5 2 108 
z w 
= 4 

Fs 
2 107 

1 10 102 103 104 
LOAD CURRENT, |, (mA) SAMPLING FREQUENCY, fg (Hz) 
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APPLICATIONS INFORMATION 


The LTC1041 uses sampled data techniques to achieve 
its unique characteristics. It consists of two comparators, 
each of which has two differential inputs (Figure 1). 
When the sum of the voltages on a comparator’s inputs is 
positive, the output is high and when the sum is negative, 
the output is low. The inputs are interconnected such that 
the RS flip-flop is reset (ON/OFF=GND) when 
Vin > (SET POINT + DELTA) and is set (ON/OFF=Vt) 
when Vin <(SET POINT—DELTA). This makes a very 
precise hysteresis loop of 2 x DELTA centered around the 
SET POINT. See Figure 1(b). 


TIMING 


GENERATOR Vpp 


(7) 


Vpp 
CIRCUIT 


POWER ON +—/ 
+ 80,s--| 
(a) 


For Rs < 10kQ 


The dual differential input structure is made with CMOS 
switches and a precision capacitor array. input imped- 
ance characteristics of the LTC 1041 can be determined 
from the equivalent circuit shown in Figure 2. The input 
capacitance will charge with a time constant of Rs x Cin. 
The ability to fully charge Cin from the signal source dur- 
ing the controller’s active time is critical in determining 
errors caused by the input charging current. For source 
resistances less than 10kQ, Cin fully charges and no er- 
ror is caused by the charging current. 


SET POINT ——| 


— DELTA-+-+ DELTA 


ON/OFF OUTPUT 


ov V 


L U 
INPUT VOLTAGE, Vjy 


(b) 


Figure 1. LTC1041 Block Diagram 


Figure 2. Equivalent Input Circuit 
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APPLICATIONS INFORMATION 
For Rs > 10kQ 


For source resistances greater than 10kQ, Cin cannot fully 
charge, causing voltage errors. To minimize these errors, an 
input bypass capacitor, Cs, should be used. Charge is 
shared between Cin and Cs, causing a small voltage error. 
The magnitude of this error is AV =Vin x Cin / (Cin +Cs). 
This error can be made arbitrarily small by increasing Cs . 


The averaging effect of the bypass capacitor, Cs, causes 
another error term. Each time the input switches cycle 
between the plus and minus inputs, Cin is charged and 
discharged. The average input current due to this is 
lave =Vin xCin xfs, where fs is the sampling fre- 
quency. Because the input current is directly proportional 
to the differential input voltage, the LTC1041 can be said 
to have an average input resistance of Rin = Vin /lAvG = 
I/ (fs x Cin). 


Since two comparator inputs are connected in parallel, 
Rin is one half of this value (see typical curve of Rin ver- 
sus fs}. This finite input resistance Causes an error due to 
the voltage divider between Rs and Rin. 


The input voltage error caused by both of these effects is 
VeRROR = VIN [2Cin/(2Cin + Cs) +Rs/(Rs +Rin)]. 


Example: assume fg=10Hz, Rs=1M, Cs=1yF, 
Vin=1V, VerroR = 1V(66pV + 660uV) = 726pV. Notice 
that most of the error is caused by Rin. If the sampling 
frequency is reduced to 1Hz, the voltage error from the 
input impedance effects is reduced to 136,V. 


Input Voltage Range 


The input switches of the LTC1041 are capable of switch- 
ing either to the V* supply or ground. Consequently, the 
input voltage range includes both supply rails. This is a 
further benefit of the sampling input structure. 


Error Specifications 


The only measurable errors on the LTC1041 are the devi- 
ations from ‘‘ideal’’ of the upper and lower switching 
levels [Figure 1(b)]. From a control standpoint, the error 


in the SET POINT and deadband is critical. These errors 
may be defined in terms of Vu and VL. 


Mt) — SET POINT 


SET POINT error = (w ; 


deadband error =(Vu —VL)—2 DELTA 


The specified error limits (see electrical characteristics) 
include error due to offset, power supply variation, gain, 
time and temperature. 


Pulsed Power (Vep) Output 


It is often desirable to use the LTC 1041 with resistive net- 
works such as bridges and voltage dividers. The power 
consumed by these resistive networks can far exceed 
that of the LTC 1041 itself. 


At low sample rates the LTC 1041 spends most of its time 
off. A switched power output, Vpp, is provided to drive 
the input network, reducing its average power as well. 
Vpp is switched to V+ during the controller's active time 
(= 80ys) and toa high impedance (open circuit) when in- 
ternal power is switched off. 


Figure 3 shows the Vpp output circuit. The Vpp output 
voltage is not precisely controlled when driving a load 
(see typical curve of Vpp output voltage versus load cur- 
rent). In spite of this, high precision can be achieved in 
two ways: (1) driving ratiometric networks and (2) driv- 
ing fast settling references. 


b-c0,s| 


COMPARATOR ON TIME 


Figure 3. Vpp Output Switch 


7 Wer 
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APPLICATIONS INFORMATION 


In ratiometric networks (Figure 4) all the inputs are pro- 
portional to Vpp. Consequently, the absolute value of Vpp 
does not affect accuracy. 


Figure 4. Ratiometric Network Driven by Vpp 


\f the best possible performance is needed, the inputs to 
the LTC1041 must completely settle within 4ys of the 
start of the comparison cycle (Vpp high impedance to V* 
transition). Also, it is critical that the input voltages do not 
change during the 80us active time. When driving resis- 
tive input networks with Vpp, capacitive loading should 
be minimized to meet the 4ys settling time requirement. 
Further, care should be exercised in layout when driving 
networks with source impedances, as seen by the 
LTC1041, of greater than 10kQ (see For Rs > 10kQ). 


In applications where an absolute reference is required, 
the Vpp output can be used to drive a fast settling 
reference. The LTC1009 2.5V reference settles in = 2us 
and is ideal for this application (Figure 5). The current 
through R1 must be large enough to supply the LT1009 
minimum bias current (= 1mA) and the load current, IL. 


Figure 5. Driving Reference with Vpp Output 


Internal Oscillator 


An internat oscillator allows the LTC 1041 to strobe itself. 
The frequency of the oscillation, and hence the sampling 
rate, is set with an external RC network (see typical 
curve, OSC frequency versus Rext, Cext). RexT and 
Cext are connected as shown in Figure 1. To assure oscil- 
lation, Rext must be between 100kQ and 10MQ. There is 
no limit to the size of CexT. 


At low sampling rates, Rext is very important in deter- 
mining the power consumption. Rext consumes power 
continuously. The average voltage at the OSC pin is ap- 
proximately V+ /2, giving a power dissipation of 
Prext = (V+/2)2/Rext. 


Example: assume Rext=1MQ, V+ =5V, Prext= 
(2.5)2/106 =6.25pW. This is approximately four times 
the power consumed by the LTC1041 at V+ =5V and 
fs = 1 sample/ second. Where power is a premium, REXT 
should be made as large as possible. Note that the power 
dissipated by Rext is not a function of fs or Cex. 


if high sampling rates are needed and power consumption 
is of secondary importance, a convenient way to get the 
maximum possible sampling rate is to make Rext = 100kQ 
and Cext =0. The sampling rate, set by the controller’s ac- 
tive time, will nominally be =~ 10kHz. 


To synchronize the sampling of the LTC 1041 to an exter- 
nal frequency source, the OSC pin can be driven by a 
CMOS gate. A CMOS gate is necessary because the input 
trip points of the oscillator are close to the supply rails and 
TTL does not have enough output swing. Externally 
driven, there will be a delay from the rising edge of the 
OSC input and the start of the sampling cycle of approx- 
imately 5ys. 
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TYPICAL APPLICATIONS 


Motor Speed Controller 


vt 
100k 
1N4002 [7 a 
MOTOR* ¢ C+ ) 
ii 
2N6387 


*CANNON CKT26-T5-3SAE 


Battery Charger 


TSOR FIRES AT ZERO CROSSING. 
*SET BATTERY VOLTAGE. BATTERY IS 
MEASURED WITH ZERO CHARGE CURRENT. 
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LTC1041 
PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
8 Lead Hermetic DIP 


0.005 
(0.127) /™ 
0.405 


MIN [4 
(10.287) 
| MAX 
0,025 
(0.638) 
RAD TYP 
0.200.310 
(6.588—7.874) 
0.290 ~-0.320 
(7378.13) 0.200 
0,055 (8.080) 
i1.397) MA 
Mex 0.015 ~-0.060 


(0.381 — 1.524) 


0.008 -0.018 


{0.203 0,460) ore 


0.385 +. 0.025 0.014 - 0.026, 0.125 


(9.779 + 0.635) (0.360—0.660) sie. 
AN 
0,038 — 0.068 0.100 -+ 0.010 
(0.965 ~ 1,727) (2.540 + 0.254) 


sais 
OIA 
100°C/W 
N Package 
8 Lead Plastic 
0.400 
(10.160) 
MAX 
[8] 
0.250 + 0.010. 
{6.350 40,254} 
0.300 -- 0.320 0.130 + 0.005 
0.045 -- 0.065 ——— 
(7,620 — 8.128) (1.143—7.651) (3.302 + 0.127) 
0,068 9.020, 
ews {0.508} 
ee 4 MIN 


0.009 -0.015 0108 
err (0. 209-0.381) ais) v7) 
Ml 
0.325 — 0.015 0.0454 0.015, 
Fas #0 635 {1.143 0.381) 
0.381 0.100-4.0.010 0.018 «0.003 
(0.457 + 0.076) 


(2.540 + 0.254) 


NB188 


Tmax GA 
110°C 150°C /W 
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FEATURES 


® Micropower 1.5uW (1 Sample/Second) 
® Wide Supply Range— +2.8V to + 16V 
® High Accuracy 
Center Error + 1mV Max 
Width Error + 0.15% Max 
= Wide Input Voltage Range 
V* to Ground 
@ TTL Outputs with 5V Supply 
= Two Independent Ground-Referred Control Inputs 
@ Small Size 8-Pin MiniDIP 


APPLICATIONS 


= Fault Detectors 
® Go/No-Go Testing 
= Microprocessor Power Supply Monitor 


LTCMOS™ is a trademark of Linear Technology Corp. 
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TECHNOLOGY 


Window Comparator 


DESCRIPTION 


The LTC1042 is a monolithic CMOS window comparator 
manufactured using Linear Technology's enhanced 
LTCMOS™ silicon gate process. Two high impedance 
voltage inputs, CENTER and WIDTH/2, define the middle 
and width of the comparison window. Whenever the input 
voltage, Vin, is inside the window the WITHIN WINDOW 
output is high. The ABOVE WINDOW output is high 
whenever Vin is above the window. By interchanging Vin 
and CENTER the ABOVE WINDOW output becomes 
BELOW WINDOW andis high if Vin is below the window. 


Sampling techniques provide high impedance voltage in- 
puts that can common-mode to both supply rails (V+ and 
GND). An important feature of the inputs is their non- 
interaction. Also the device is effectively “chopper 
Stabilized”, giving it extremely high accuracy over all 
conditions of temperature, power supply and input voltage 
range. 


Another benefit of the sampling techniques used to de- 
sign the LTC1042 is the extremely low power consump- 
tion. When the device Is strobed, it internally turns on the 
power to the comparators, samples the inputs, stores the 
outputs in CMOS latches and then turns off power to the 
comparators. This all happens in about 80s. Average 
power can be made small, almost arbitrarily, by lowering 
the strobe rate. The device can be self-strobed using an 
external RC network or strobed externally by driving the 
OSC pin with a CMOS gate. 


Battery Powered Remote Freezer Alarm 


Total Supply Current vs Sampling 
Frequency 


“HI = TEMPERATURE 10000 
EN 

26°F AND 31°F 

+£1°F 


10M + 5% 


) 


“HI" = TEMPERATURE 
ABOVE 31°F 
+1°F 


N\ 1101042 SUPPLY 
‘CURRENT 


TOTAL SUPPLY CURRENT, I7 (WA) 


T= YELLOW SPRINGS INSTRUMENT 00. INC. P/N 44007. 
ALL RESISTORS + 1% UNLESS OTHERWISE SPECIFIED. 04 1 10 100 = 1000» 10000 


*QTHER TEMPERATURE BANDS MAY BE SELECTED BY CHOOSING APPROPRIATE VALUES FOR RI AND 2. SAMPLING FREQUENCY, fs (Hz) 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 
ORDER 


Total Supply Voltage (V+ to GND) 
Input Voltage 
Operating Temperature Range 
LTC1042C 
LTC1042M 
Storage Temperature Range 


Lead Temperature (Soldering, 10 sec) 


Output Short Circuit Duration 


ee 


ce eeee 


ene denne eee ene 


WITHIN WINDOW 
CENTER 


TOP VIEW 


Vin 
GND [4] 


LTC 1042 


J8 PACKAGE 


HERMETIC 


sjvt 
ose 


WIDTH/2 


NB PACKAGE 
PLASTIC 


| 6 | ABOVE WINDOW 


PART NUMBER 


LTC1042MJ8 
LTC1042C0N8 


ELECTRICAL CHARACTERISTICS Test Conditions: Tain <Ta < Tmax unless otherwise specified 


SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 
Center Error (Note 2) V* =2.8V to 6V (Note 1) +03 +7 mV 
C) + + 
i +0.05 +015 % WIDTHI2 
V* =6V to 15V (Note 1} +1 +3 mV 
e + + 
+0.05 +0.15 tL % WIDTH/2 
Width Error (Note 3) V+ =2.8V to BV (Note 1) +0.6 +2 mV 
e + + 
+01 +03 % WIDTH/2 
V+ =6V to 15V (Note 1) a +2 +6 a mV 
e + + 
+0. £03 % WIDTH/2 
lias Input Bias Current V+ =5V, T,=25°C, OSC = GND £03 nA 
| Vin, CENTER and WIDTH/2 Inputs 
Rw Average Input Resistance fg = 1kHz (Note 4) e 10 15 Mo 
Input Voltage Range e GND yt V 
PSR Power Supply Range | e 28 16 1 ] 
lyon) Power Supply ON Vt=5v e 1.2 3 mA 
Current (Note 5) 
IsoFF) Power Supply OFF V*+=5V LTC1042C e 0.001 0.5 pA 
Current (Note 5) LTC1042M e 0.001 5.0 pA 
Tb Response Time (Note 6) | Vt =5V 80 100 ps 
Output Levels | 
Von Logic 1 Output Vt =4,75V, Ioyt= - 360¢A e 2.4 44 V 
V Logical 0 Output Vt =4,75V, loyr=1.6mA e 0.25 0.45 V 
Reyt External Timing Resistor Resistor Connected between V* ko 
and OSC Pin 
fs Sampling Frequency V+ =5V, T,= 25°C 5 Hz 
Rext = 1MQ, Ceyt = 0.1 F 


The @ denotes the specfications which apply over the full operating 


temperature range. 


Note 1: Appiies over input voltage range limit and includes gain 


uncertainty. 


Note 2: Center error = [(Vy + V2 —- CENTER] (where Vy = upper band limit 


and V_ = lower band limit). 


Note 4: Rjy is guaranteed by design and is not tested. Riy = 1/(fs x 66pF). 


Note 5: Average supply current = Tp x Ign, X fs + (1 ~ Tp fs) IgorF): 


Note 6: Response time is set by an internal oscillator and is independent of 


overdrive voltage. Tp is guaranteed by correlation test and is not directly 


measured. 


Note 3: Width error= (Vy -V, —2 x WIDTH/2) (where Vy = upper band limit 


and V, = lower band fimit). 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Normalized Sampling Frequency 
Ison) ¥s V* vs V+, Temperature Sampling Rate vs Reyq, Cext 
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L RaIM, C=0.44F 
° 
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B 


o 
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=e & o & 
= ge wi 4 
= a = 10 es 
S = yy = 
5 % zz SS 
a = (CS 
— na 
= -—— 
ae i= 
0.6 0.1 
2 4 6 8 10 12 14 16 0 2 6 8 10 12 #14 «#16 100k 1M 10M 
SUPPLY VOLTAGE, V+ (V) ae VOLTAGE, V+ (¥) Rext (2) 
Response Time vs Supply Voltage Response Time vs Temperature Rin ¥s Sampling Frequency 
130 S 1011 
120 5 S 
o 
110 2B ip t0 
g a = 
ms a = 
r “90 = 
= 2 2 109 
8 Bg 8 5 
= az 2 
= 5 70 2 
oe er 5 108 
= 
50 3 
re 
40 2 107 
2 4 6 8 10 12 14 16 -50 -25 0 75 100 125 1 10 102 103 104 
SUPPLY VOLTAGE, V+ (V) AMBIENT TEMPERATURE, Ta (°C) SAMPLING FREQUENCY, fs (Hz) 


APPLICATIONS INFORMATION 


The LTC 1042 uses sampled data techniques to achieve its | when (CENTER-WIDTH/2) < Vin < (CENTER + WIDTH/2) 
unique characteristics. It consists of two comparators, both comparator outputs are low. In this condition Vin is 
each of which has two differential inputs (Figure 1). When — within the window and the WITHIN WINDOW output is 
the sum of the voltages on a comparator’s inputs is posi- high. When Viy>CENTER + WIDTH/2, Vin is above the win- 
tive, the output is high; when the sum is negative, the out- © dow and the ABOVE WINDOW output is high. 

put is low. The inputs are interconnected such that 
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APPLICATIONS INFORMATION 


An important feature of the LTC 1042 is the non-interaction 
of the inputs. This means the center and width of the win- 
dow can be changed without one affecting the other. Also 
note that the width of the window is set by a ground re- 
ferred signal (WIDTH/2}. 


Strobing 


An internal oscillator allows the LTC1042 to strobe itself. 
The frequency of oscillation sets the sampling rate and is 
set with an external RC network (see typical curve, OSC 
frequency vs Rext, Cex). To assure oscillation, under all 
conditions, Rey must be between 100k and 10MOQ. There 
is no limit to the size of Ceyr. 


A sampling cycle is initiated on the positive going transi- 
tion of the voltage on the OSC pin. When this voltage is 
near the positive supply, a Schmitt trigger trips and ini- 
tiates the sampling cycle. A sampling cycle consists of ap- 
plying power to both comparators, sampling the inputs, 
storing the results in CMOS output latches and turning 
power off. This whole process takes approximately 80s. 
During the 80ys “active” time, the LTC 1042 draws typically 
1.2mA (Ision) at V* =5V. Because power is consumed 
only during the “active” time, extremely low average 
power consumption can be achieved at low sample rates. 
For example at a sample rate of 1 sample/second the aver- 
age power consumption is: 


Power = (V*) (Igiayq)) = SV x 1.2mA x 80xs/1sec 
= 0.48.W 


TIMING 
GENERATOR 


aes 
(A) 


ABOVE WINDOW 
{BELOW WINDOW) 


POWER OFF 


Figure 1. LTC 1042 Block Diagram 


At low sampling rates, Rext dominates the power con- 
sumption. Rext consumes power continuously. The aver- 
age voltage at the OSC pin is approximately V*/2. The 
power consumed by Reyr is: 


P(Rexr) = (V+/2)2/Rext 


EXAMPLE: Assume Reyt = 1MQ and V+ =5V. Then: 
P(Rext) = (2.5)7/1M0 = 6.25.W 


This is more than ten times the typical power consumed 
by the LTC1042 at V+ =5V and 1 sample/second. Where 
power is a premium, Rext should be made as large as 
possible. Note that the power dissipated by Ret is not a 
function of the sampling frequency or Ceyr. 


If high sampling rates are needed and power consumption 
is of secondary importance, a convenient way to get the 
maximum possible sampling rate is to make Rext = 100kQ 
and Ceyr=0. The sampling rate, set by the LTC1042’s ac- 
tive time, will nominally be = 10kHz. 


To synchronize the sampling of the LTC 1042 to an external 
frequency source, the OSC pin can be driven by a CMOS 
gate. A CMOS gate is necessary because the input trip 
points of the oscillator are close to the supply rails and 
TTL does not have enough output swing. Externally driven, 
there will be a delay from the rising edge of the OSC input 
and the start of the sampling cycle of approximately 5us. 


_,_... WINDOW 
——~ CENTER 


WITHIN ABOVE 


= WINDOW Ye WINDOW 


< 
+ 
1 
1 
1 


OUTPUT VOLTAGE (V) 


i 
) 

_——}--_—_+] 
—WIDTH/2 WIDTH/2 | 
q 


ov 
ML Wu 


INPUT VOLTAGE, Vin 
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APPLICATIONS INFORMATION 


Input Impedance 


The input impedance of the LTC1042 does not look like a 
classic linear comparator. CMOS switches and a precision 
capacitor array form the dual differential input structure. 
Input impedance characteristics can be determined from 
the equivalent circuit shown in Figure 2. The input capaci- 
tance will charge with a time constant of Rg x Cyy. It is crit- 
ical, in determining errors caused by the input charging 
current, that Cjy be fully charged during the “active” time. 


For Rgs 10k0 


For Rg less than or equal to 10k0, Cjy fully charges and no 
error is caused by the charging current. 


For Rg> 10k0 


For source resistances greater than 10kQ, Cy cannot fully 
charge, causing voltage errors. To minimize these errors 
an input bypass capacitor, Cg, should be used. Charge is 
shared between Cjy and Cs, causing a voltage error. The 
magnitude of this error is AV=Vin x Cin(Cin + Cs). This 
efror can be made arbitrarily small by increasing Cs. 


The averaging effect of the bypass capacitor Cs causes 
another error term. Each time the input switches cycle be- 
tween the plus and minus inputs, Ciy is charged and dis- 
charged. The average input current due to this is 
lava = VinX Cin X fs, where fs is the sampling frequency. 
Because the input current is directly proportional to the 
differential input voltage, the LTC 1042 can be said to have 
an average input resistance of Rin = Vin!lave = 1/(fs x Cy). 


Since two comparator inputs are connected in parallel, Riy 
is one half this value (see typical curve of Riy vs Sampling 
Frequency). This finite input resistance causes an error 
due to voltage divider between Rg and Rin. 


The input error caused by both of these effects is 
VERROR = Vini2Cin/(2Cin + Cs) + Re/(Rs + Rin)]. 


EXAMPLE: Assume fg=10Hz, Rg=1M0, Cg=1yF and 
Vin=1V. Then Venror = 1V(66uV + 660nV) =726xV. It the 
sampling frequency is reduced to 1Hz, the voltage error 
from input impedance effects is reduced to 136,V. 


Input Voltage Range 


The input switches of the LTC1042 are capable of 
switching either to the V+ supply or ground. Conse- 
quently, the input voltage range includes both supply rails. 
This is a further benefit of the input sampling structure. 


Error Specifications 


The only measurable errors on the LTC 1042 are the devia- 
tions from “ideal” of the upper and lower window limits 
[Figure 1(B)]. The critical parameters for a window com- 
parator are the width and center of the window. These er- 
rors may be expressed in terms of Vy and V,. 


center error =[(Vy + Vi)i2] - CENTER 
width error = (Vy - VL) - 2 x (WIDTH/2) 


The specified error limits (see Electrical Characteristics) 
include error due to offset, power supply variation, gain, 
time and temperature. 


Figure 2. Equivalent Input Circuit 
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APPLICATIONS INFORMATION 


TTL Power Supply Monitor 


TTL SUPPLY 


“HI == SUPPLY IN 
RANGE 
(4.5<V+ <5.5) 


“HI” =ABOVE RANGE 
(V+ >5.5¥) 
111004-2.5 


ALL RESISTORS +5% UNLESS OTHERWISE NOTED. 
*SUPPLY TOLERANCE EQUALS R2 IN k@. I.E., 10k= + 10%. 


Single 5V Thermocouple Over Temperature Alarm 


SS ee ee eee 


\ COLD JUNCTION COMPENSATOR Sy 
| 5k @2sect 
| TEMPERATURE 
IN WINDOW 
| 
I 100k: 5% TEMPERATURE 
HIGH 
| Veenren=1:235%(R2 +3) 
| CENTER RI +R2+R9 
| WIDTH =2 x_1-235 x R3 _ 
! Ri+R2+R3 
+YELLOW SPRINGS INST. CO. P/N 44007 
| "CHOOSE Cr TO FILTER NOISE 
b——-—--—--—-——-—-——-—— — **CHOOSE Rg, Ry, Rt, R2 AND R3 TO SET WINDOW 


ALL RESISTORS + 1% UNLESS OTHERWISE NOTED 
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LTC1042 


APPLICATIONS INFORMATION 
Wind Powered Battery Charger 


A simple wind powered battery charger can be con- 
structed using the new LTC1042, a 12V DC permanent 
magnet motor, and low cost power FET transistor. 


The DC motor is used as a generator with the voltage out- 
put being proportional to its RPM. The LTC1042 monitors 
the voltage output and provides the following control 
functions. 


1) If generator voltage output is below 13.8V, the control 
circuit is active and the NiCad battery is charging 
through the LM334 current source. The lead acid bat- 
tery is not being charged. 


WIND 


12 
GENERATOR 


Lid) 


2) If the generator voltage output is between 13.8V and 
15.1V, the 12V lead acid battery is being charged at 
about a 1 amp/hour rate (limited by the power FET). 


3) !f generator voltage exceeds 15.1V (a condition caused 
by excessive wind speed or 12V battery being fully 
charged) then a fixed load is connected thus limiting 
the generator RPM to prevent damage. 


This charger can be used as a remote source of power 
where wind energy is plentiful such as on sailboats or re- 
mote radio repeater sites. Unlike solar powered panels, 
this system will function in bad weather and at night. 


WITHIN 
WINDOW 
13.8V TO 15.1V 


OVER VOLTAGE 
(>15.1V) 


LY WB 
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LTC1042 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


J8 Package 
8 Lead Hermetic DIP 
.005 
(0.127) 
MIN 
0.025 
(0.635) 
RAD TYP. 
0.220 —0.310 
(5.588 — 7.874) 
0.290 —0.320 
(7.37 —8.13) 0.200 
0.055 (5.080) 
(1.397) MAX 
MAX 


0.015—0.060 
(0.381 — 1.524) 


0.008 0.018 Sorc 
(0.203 0.460) Otis 
0.385 «0.025 0.014—0.026 An 
(9.7792 0.635) (0.360 —0.660) = 
MIN 
0.038 0.068 0.100+0.010 
(0.965 1.727) (2.540 + 0.254) 


18188 
T, 8 
jmax ew 


N8 Package 
8 Lead Plastic 


0.250 + 0.010 
{6.350 + 0.254) 


0,300—0.320 0.130 + 0.005. 
0,300 -0.320 0.045 — 0.065 
(7.620—8.128) > | Er CER TST (3.302 2 0.127) 
(1.143 1.651) 
0.065 0.020 
rT (0.508) 
ene t ee MIN 
0.009 - 0.015 015 0.125 
(0.229-0.381) (3.175) 


0.325 + 9-025 MIN 


: 0.015 0.045 + 0.015 
eas ae (7.1430.381) im le ccuasass 
— 0.381 0.100 + 0.010 | 0.018 + 0.003 
(2.540 + 0.254) (0.457 40.076) 


Nees 
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LTTTTA/LT311A 
( y Lint AR LM111/LM311 
TECH 


NOLOGY 


FEATURES 


Guaranteed Max \nput Offset Voltage 1.0mV 
Guaranteed Max \nput Offset Current 5nA 
Guaranteed Max Response Time 250nS 
Guaranteed Min. Voltage Gain 200,000 

+30V Differential Input Voltage 

Drives 50mA Loads At Up To 50V. 

Ye The Power Dissipation For LT111A/LT311A 


APPLICATIONS 


® General Purpose Comparator 
= Zero Crossing Detector 
= Voltage To Frequency Converter 


Voltage Comparator 


DESCRIPTION 


The LT111A is an improved version of the LM117 gen- 


eral. purpose comparator. These new devices offer 
maximum input offset voltage of 1.0mV and input off- 
set current of 5.0nA with a maximum response time of 
250ns. The LT111A operates from a single 5V supply to 
+15V supplies and can drive up to 50mA loads re- 
ferred to ground or either supply. A separate output 
ground pin allows output signals to be isolated from 
analog ground. 


The versatility of the LT111A is enhanced by an input 
stage design which allows differential input signals of 
up to +30V. Offset balancing, strobe capability and 
the ability to “OR” the output is also included. These 
features plus Linear Technology Corporation’s ad- 
vanced processing and reliability enhancements make 
the LT111A an ideal choice for most comparator appli- 
cations. For higher performance requirements, see the 
LT1011. For operation up to 200°C, see LT111X data sheet. 


Low Drift R/C Oscillator 


* 1% METAL FILM + 
+ = TRW TYPE MTR-5/ + 120ppm/°C. ~ 
C, = .015 = POLYSTYRENE — 120ppm/°C + 30ppm WESCO TYPE 32-P 
NOTE: COMPARATOR-CONTRIBUTES < 10ppm/°C DRIFT FOR 


FREQUENCIES BELOW 10kHz. 


Transfer Function 


COLLECTOR 
OUTPUT 


R= tke 4 


QUTPUT VOLTAGE (V) 


-05 -03 -0.10 0.1 0.3 0.5 
DIFFERENTIAL INPUT VOLTAGE (mV) 


LOWE 
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LTITIA/LT311A 
LM111/LM311 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage 
(pin 8 to pin 4) .... 0... eeccceeceeeeeee. 36V ORDER PART 
Output to Negative Supply NUMBER 
(pin 7 to pin 4) 
LTAVIALMN11 oo. cece eee cece eens 50V aie ee 
LT311A/LM311......0.. 00. c cece ee eee 40V LT311AH 
Ground to Negative Supply 
(pin 1topin4)...... 0... cee cece eee 30V 703 METAL EAN LM311H 
Differential Input Voltage................ +30V 
Voltage at Strobe Pin (pin 6 to pin 8) .......... 5V TOP VIEW 
Input Voitage (Note 1)................... + 15V ane sie iy 
Output Short Circuit Duration............. 10 sec. INPUT 2 7 OUTPUT 8 
Operating Temperature Range (Note 2) INPUT 3 6 BALANCE/ STROBE vA rs 
LTV{1A/LM111.......0...... — 55°C to 125°C i BSIGAEANGE 
LT311A/LM311......0.00.00000 0°C to 70°C pia ee LT311AN8 
Storage Temperature Range...... —65°C to 150°C J8 PACKAGE 8 PIN CERDIP LM311N8 
Lead Temperature (Soldering, 10 sec.)...... 300°C cabana 


ELECTRICAL CHARACTERISTICS Vs = +15V¥, T, = 25°C unless otherwise noted. 


LT 111A LM111 


SYMBOL | PARAMETER _| CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vos _| Input Offset Voltage Rs < 50k 07 30 | mv 
(Note 3, 4) 4.0 
los Input Offset Current 40 10.0 nA 
(Note 3,4) 20.0 
\s Input Bias Current 60 100 nA 
Note 3 150 
Avor Large Signal Voltage Gain Note 7 40 200 | Vim 
| Response Time [ Note 5 200 as 
Saturation Voltage Vin —SMV, lous = SOMA 0.75 15 ] 
V+ 245V, V- =0 
Vin = —6MV, Iggy = BMA 0.23 0.4 Vv 
Strobe ON Current | Note 6 3.0 7 mA 
| Output Leakage Current Vin = 5MV, Voyr = 35V . 10.0 0.2 10.0 nA 
\stroge = SMA 0.5 0.1 05 BA 
Input Voltage Range V+ = 15V, Wo = 15V -14.5 { 13.8 } 13.0 | -14.5 { 13.8 } 13.0 v 
i Pin 7 Pull up may go to 5V ~14.7 -14.7 | 
Positive Supply Current §.1 6.0 4 mA 
Negative Supply Current is 41 5.0 i mA 


Shading of a specification highlights those items which offer key 
improvements in parametric performance or guaranteed test limits 
provided for the first time. 
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LTITIA/LTS1T1A 
LM111/LM311 


ELECTRICAL CHARACTERISTICS Vs = +15V, T, = 25°C unless otherwise noted. 


LT 311A 
IN TYP 


LM311 
TYP 


SYMBOL | PARAMETER CONDITIONS MAX MIN MAX UNITS 
Vos Input Offset Voltage Rg < 50k 2.0 75 mV 
(Note 3, 4) 10 
log Input Offset Current 6.0 50 nA 
(Note 3,4) 70 | 
Ip Input Bias Current 100 250 nA 
Note 3 300 
Avo. Large Signa! Voltage Gain 40 200 VimV 
Response Time Note 5 200 nS 
Saturation Voltage Vin = — 10mV, loge = 50MA 0.75 15 V 
V+ 245V, V- =0 
Vin —10MV, [ony = BMA 0.23 0.4 Vv 
Strobe ON Current Note 6 3.0 mA 
Output Leakage Current Vin = 10MV, Vour = 35V 0.2 50 0.2 50 nA 
Istrose = SMA 0.1 0.5 pA 
Input Voltage Range -145 { 13.8 } 13.0 |-14.5 { 13.8 i 13.0 Vv 
~14.7 -14.7 
Positive Supply Current 5.1 75 al mA 
Negative Supply Current 441 5.0 mA 


The @ denotes the specifications which apply over the full operating 


temperature range. 


Note 1: Applicable for + 15V supplies. The positive input voltage limit 
is 30V above the negative supply. The negative input voltage limit is 


the negative supply. 


Note 2: Tj max. = 150°C for the LT111A and 95°C for the LT311A. 


Note 3: Offset voltage, offset current and bias current specifications 
apply for any supply voltage from a single 5V up to + 15V supplies. 


LT WE 


Note 4: Offset voltages and offset currents shown are the maximum 
values required to drive the output within a volt of either supply with: 


a 1mA load. These parameters define an error band and take into 


account the worst case effects of voltage gain and input impedance. 
Note 5: Response time is specified for a 100mV input step with 5mV 


overdrive with the collector output terminated with a 5000 pullup 


resistor tied to 5V. 


Note 6: Do not short the strobe pin to ground. {t should be current 


driven at 3 to SmA for the shortest strobe time. Currents as low as 


500A will strobe the LT111A if speed is not important. External 


leakage on the strobe pin in excess of 0.24 when the strobe is “off” 


can cause offset voltage shifts. 
Note 7: R, =1kO, —10V<Voy7 = 14.5V 
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LTT TA/LT311A 
LM111/LM311 


TYPICAL PERFORMANCE CHARACTERISTICS 


Input Bias Current 


400 —~—— 


T T 
Vs = + 19V— 
RAISED 1. 4 


(SHORT PINS +-—+_ 
5, 6, AND 8) | 


sy 
Ss 
Ss 


- 
1 
+ 
i 


INPUT BIAS CURRENT (nA) 
3 
ye ome as i 
t+. 
| 
i 
i 


= 
So 


eS 3 
‘ oy 
—§5-35-158 § 25 45 65 85 105 126 
TEMPERATURE (°C) 


Input Characteristics 
180 -7- inlets 


60 f-++ ++ 1 14 


20 Et 

0 ee i 

—16~-12-8 -4 0 4 8 12 16 
DIFFERENTIAL tNPUT VOLTAGE (V) 


et 


Response Time for Various 
Input Overdrives 


INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) 


0 02 04 O06 08 
TIME (48) 


INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V} 


INPUT OFFSET CURRENT (nA) 


Input Offset Current 
30 oy rn 


(——— 
Vs = + 15V - 


-55-35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Common Mode Limits 
| _ REFERREO TO SUPPLY VOLTAGES —_| 


i 

ft 
’ | 
~50-25 0 25 80 75 100 125 
TEMPERATURE (°C) 


Response Time for Various 
Input Overdrives 


0 0.2 0.4 0.6 08 
TIME (uS) 


Offset Error 
— 100 eaten 
> 
— 
| 
a 
= 10 Ls saint 
E 
b 
= 
21 
E 
= 
Zz 
5 » Vos = Vos + Relos -» 
ao 
“od ais 
10k 100k iM 10M 


50 


40 


30 


OUTPUT VOLTAGE (V) 


-05 03 


INPUT RESISTANCE (2) 


Transfer Function 


0.10 01 0.3 05 
DIFFERENTIAL INPUT VOLTAGE (mV) 


Collector Output Saturation Voltage 


1.0 
0.9 
0.8 
0.7 
0.6 
05 


0.4 


SATURATION VOLTAGE (V) 


0.2 
0.4 


0.3 | 


5 10 15 20 25 30 35-40 45 50 
SINK CURRENT (mA) 
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LTITIA/LT311A 
LM111/LM311 


TYPICAL PERFORMANCE CHARACTERISTICS 


Response Time Using GND 
Pin as Output 


] T i 
15 | 20mV<y 


10) svg = ff 


INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) 


TIME (uS) 
Supply Current 
vs 
Supply Voltage 
2 | 
| 
4 Jos 4 +—- 
POSITIVE SUPPLY 
= COLLECTOR OUTPUT “LO” 
< 3 = —_ 
z , 
5 
ut 
& 2 
3 
4 |__| POSITIVE AND NEGATIVE SUPPLY 
COLLECTOR OUTPUT "HI" 7 
; \ 


INPUT VOLTAGE {mV) OUTPUT VOLTAGE (V) 


Response Time Using GND 
Pin as Output 


TIME (uS) 
Supply Current 
vs 
Temperature 
6 no j 
5} 4 


POSITIVE SUPPLY — 
COLLECTOR OUTPUT “LO” 


CURRENT (mA) 
ao 


{ 
1} — POSITIVE AND NEGATIVE SUPPLY 
COLLECTOR OUTPUT “HI” i 


0 
~50 -25 0 2 50 75 100 125 


Output Limiting Characteristics 


140 07 
= 120 06 
Ee ae] 
= 100 05 = 
@ 3 
a) 04 B 
av 
5 60 |- 403 3 
2 2 
- 40 ws 
oc 
oO 
HB 20 0.1 
0 40 
0 5 10 15 
OUTPUT VOLTAGE (V) 
Leakage Current 
vs 
Temperature 
SS 
10° — 


LEAKAGE CURRENT (A) 
= 


i) 
és 


10°" 


25 45 65 85 105 125 


SUPPLY VOLTAGE (V) TEMPERATURE (°C) TEMPERATURE (°C) 
TYPICAL APPLICATIONS 
Offset Balancing Strobing Increasing Input 
Stage Current 
R2 
3.0k 


Note: Pin Connections Shown 
are for TO-5 package 


owe 


increases typical 
common mode slew 
rate from 7.0 V/uS 
to 18V/,S. 
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LTTTITA/LTS11A 
LM111/LM311 


TYPICAL APPLICATIONS 


Driving Load Referenced 
To Positive Supply 


yt ytt 


V~ OR GROUND 


ve 


V+ + CAN BE GREATER OR LESS THAN Vt 


Window Detector 


vt 


OUTPUT HIGH 


Driving Ground Referred Load 


Driving Load Referenced 
To Negative Supply 


vt 


INPUTS* 
+ 


* NOTE THAT INPUT * NOTE THAT INPUT 
POLARITY iS REVERSED POLARITY IS REVERSED 
WHEN USING PIN 1 AS WHEN USING PIN 7 AS 
OUTPUT OUTPUT 


Using Clamp Diodes To Improve Frequency Response’ 


INSIDE “WINDOW” 
AND LOW 

ABOVE HIGH 
LIMIT OR 


Vw BELOW LOW 


LIMIT 


Low 
LIMIT 


* RESPONSE TIME 
INCREASES TO ~500nS 
IF INPUT MUST SLEW 5V 
TO REACH THRESHOLD. 


Detector For Magnetic Transducer 


vi = 5V 


2.3k 


TT 
OUTPUT 


MAGNETIC 
PICKUP 


Crystal Oscillator 


OUT 
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LTITIA/LT311A 
LM111/LM311 


Low Drift R/C Oscillator Strobing Off Both Input* And Output Stages 


FROM D/A NETWORK 


* 


25k < Rg < 200k2 
+ 16V 


ANALOG 
INPUT 


TTL/CMOS (5V) 
STROBE 
TN SAMPLE 
1.0k 
* 1% METAL FILM a= 

+ «= TRW TYPE MTR-5/ + 120ppm/°C. = * TYPICAL INPUT CURRENT IS 50pA = 

C, = .015 = POLYSTYRENE — 120ppm/°C + 30ppm WESCO TYPE 32-P WITH INPUTS STROBED OFF. 

NOTE: COMPARATOR CONTRIBUTES =< 10ppm/°C DRIFT FOR DO NOT GROUND STROBE PIN 

FREQUENCIES BELOW 10kHz. 


Positive Peak Detector 


+ 15V 


OUTPUT 


ut T 100pt 


* SOLID TANTALUM 


Negative Peak Detector 


* SOLID TANTALUM 
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LT111A/LT311A 
LM111/LM311 


SCHEMATIC DIAGRAM 


BALANCE = BALANCE STROBE 


PACKAGE DESCRIPTION pimensions in inches (millimeters) unless otherwise noted. 


H Package J8 Package N8 Package 
Metal Can 8 Lead Hermetic Dip 8 Lead Plastic 


SEATING, 9.220—0.910 


(5.580~ 7.074) 


a aus 
ae fl OM 


(Oech 0.533) 
We 


0.008 0.018 


‘(0a 0.480) 


leet Scr) 


Tynax Ga %& Tymax Gig Tmax Sa 
180°C | 150°C/W | 45°C/W 150°C 4 100°C/W 100°C | 130°C/W 
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= Guaranteed max 0.5 mV input offset voltage 
= Input Protection Diodes 

= Operates from single 5V supply 

= 25mA drive capability 

= 80nS response time 


APPLICATIONS 


= Window detectors 

= High speed one shot 

= Relay/lamp drivers 

= Voltage controlied oscillators 


LT119A/LT319A 
LM119/LM319 


Dual Comparator 


DESCRIPTION 


The LT 119A is an improved version of the LM119 dual 
comparator. It features lower input offset voltage and 
offset current, higher voltage gain, guaranteed com- 
mon mode rejection, and input protection diodes. 


The LT119A is capable of operation over a supply 
range from 5 Volts to + 15 Volts and can drive 25mA 
loads from each open collector output. A separate 
ground pin allows the LT119A to isolate system 
grounds. 


Linear Technology Corporation’s advanced process- 
ing, design techniques and reliability make the 
LT119A/LT319A an ideal choice over previous de- 
vices in most comparator applications. 


Window Detector* 


Vour = 5.0V for 
Vir < Vw < Vr 
Vour = 0 for 


Vir Viv < Vir OF Vy > Vur 


* Allowed window for single +5V supply is 1.2V to 3.8V 


Response Time for Various 
input Overdrives 


INPUT 


0 50 100 150 200 250 300 350 
TIME (ns) 


nee 
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LT119A/LT319A 


LM119/LM319 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage...........0...0.. cee eee 36V 
Output to Negative Supply Voltage........... 36V 
Ground to Negative Supply Voltage .......... 25V 
Ground to Positive Supply Voltage........... 18V 
Differential input Voltage................. +5V 
Differential Input Current................ +5mA 
Input Voltage (See Note 1) 
Output Short Circuit Duration............. 10 Sec 
Operating Temperature Range 
LT119A,LM119......0.0..0.. —55°C to 125°C 
LT319A, LM319................. 0°C to 70°C 
Storage Temperature Range. ..... —65°C to 150°C 
Lead Temperature 
(Soldering, 10 sec)................... 300°C 


PACKAGE ORDER INFORMATION 


ORDER PART 
TOP VIEW NUMBER 


ve 
10 
ouTPuT1 4 9 —INPUT 2 
GND 1 2 8 +INPUT 2 
+INPUT 1 3 LM119H 
7 GND2 
= LT319AH 
INPUT 1 4 OUTPUT 2 


§ LM319H 


v 


LT119AH 


H PACKAGE 
METAL CAN 


LT119AJ 
LM119J 
LT319AN 
LM319N 
LT319AJ 
LM319J 


J PACKAGE N PACKAGE 
14-PINHERMETIC — 14 PIN PLASTIC 


ELECTRICAL CHARACTERISTICS (Sce Note 2) 


LT 119A LM119 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX TYP UNITS 
Vos Input Offset Voltage Vg = + 15V Voy = 0 4.0 mV 
im 
V, Input Offset Voltage ‘See Note 3} 0.7 40 mV 
os P tag ( ) a0 Hy 
CMRR | Common Mode Rejection Ratio | dB 
I Input Offset Current ‘See Note 3 30 75 nA 
los put Offse! ( ) an Re 
ls input Bias Current | (See Note 3) 150 500 nA 
1000 nA 
Ay Voltage Gain 10 40 | VimV 
Response Time a (See Note 4) 80 nS 
Veat Saturation Voltage Viv — SMV, |, = 25mA 0.75 «15 om 15 | Vv 
Vt245V, V- =0V 
Vin = —6MV, Ion = 3.2MA 
T, = 0°C™ 0.23 0.4 0.23 0.4 Vv 
| Tas 0°C 0.6 06 | v 
Output Leakage Current Vin = SMV, Voy = 35V 0.2 2 0.2 2 BA 
ie . cad e 1 10 1 10 pA 
| Input Voltage Range IVs = +15V @| -12 +13 +12 +12 +13 +12. | Vv 
V+ =5V, =0 o| 3 { 3 M 
Differential Input Voltage e +5 +6 | V 
is __| Supply Current VFonV, V=0 | 43 43 mA 
ls Positive Supply Current Vs = +15V 11.5 11.5 mA 
ls ___ | Negative Supply Current TV, = 2 15V | 3 45 3 45 | mA 


LTII9A/LT319A 
LM119/LM319 


ELECTRICAL CHARACTERISTICS (See Note 2) 


LT 319A LM319 
SYMBOL | PARAMETER CONDITIONS TYP MIN TYP | UNITS 
Vos __| Input Offset Voltage |e = = 15V Voy =0 8.0 mv 
Vos Input Offset Voltage Rg < 5k 2.0 8.0 mV 
‘|: | (See Note 3) 10 mV 
CMRR | Common Mode Rejection Ratio | 0B 
log Input Offset Current Tee Note 3) 


Input Bias Current 


(See Note 3) 


Voltage Gain 


Response Time (See Note 4) 
Vat Saturation Voltage Vin — 10MV, Iga = 25mA 
T, = 25°C 0.75 1.5 0.75 15 Vv 
vt 245v, Vi =0 
Vin << — 10mV, lon <3.2mA 0.3 0.4 0.3 04 | Vv 
Output Leakage Current Vin= 10mV, Vour = 35V 0.2 10 0.2 10 L pA 
"T tnput Voltage Range “TV, = £15V +13 +13 Vv 
Vt+=5V, V=0V 1 3 1 3 L Vv 
Differential Input Voltage | +5) +5 Vv 
ls Supply Current V+ =5v, Vi =0V 43 43 L mA 
Ig Positive Supply Current {Vs = +15V 8 125 | 8 12.5 L mA 
ls Negative Supply Current Vg = +15V 3 5 3 5 mA 
The @ denotes the specifications which apply over the full operating Note 2: Uniess otherwise noted, supply voltage equals + 15V and 
temperature range. T, = 25°C. The ground pin is grounded. Note that the maximum 
voltage allowed between the ground pin and V+ is 18V. Do not tie the 
ground pin to V— when the power supply voltage exceeds +9V. The 
The shaded electrical specifications indicate those parameters which offset voltage, offset current and bias current specifications appty for 
have been improved or guaranteed test limits provided for the first piper) voltages between + 15V and +5V unless otherwise 
time. ified. 
Note 3: The offset voltages and currents given are the maximum values 
Note 1: For supply voltages less than + 15V, the maximum input required to drive the output within 1 volt of either supply with a 1mA 
voltage is equal to the supply voltage. load — thus, these parameters define an error band and take into 


account the worst case effects of voltage gain and input impedance. 


Note 4: Response time specified is for a 100mV input step with 5mV 
overdrive. 
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LTT 1I9A/LT319A 
LM119/LM319 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE HIGH (V) 


OUTPUT 


INPUT 


Transfer Function 
40 -—- ——r 8.0 
| vit = 36V 
35} Vs = + 18V — = 7.0 
Ri = 1.4kQ | pe 
30 fT, = 25°C ~ —--> | 60 = 
: V"* = 5.0V tm 
25 ~ = Tae repenytes| 5.0 feat 
\ Hees | z 
20 ae f-I 40% 
i | S$ 
15 ~ ffl pf pe 3.0 
ie ae | z 
10 fice pee 20 5 
i Pod S 
5.0 Ph ae ee 14.0 
Saaacnnt nna nmpel gi sf 
0 0 
-10 -06 -02 02 068 10 
DIFFERENTIAL INPUT VOLTAGE (mV) 
Response Time for Various 
Input Overdrives 
= 
=] 
5 
s 
= 0 
g -505 
5 —100 
$ — 
0 50 100 150 200 250 300 350 
TIME (ns) 
Output Saturation Voltage 
25 T 
| J; = 25°C 
) 4 
z | | 
rd eae he foe oes: 
2 i 
3B 
and area: (eer 
3 
5.0 | wae te 
Vs = + 16V 
, "INPUT OVERDRIVE = 5.0mV 
0 0.2 0.4 0.6 0.8 1.0 
OUTPUT VOLTAGE (V) 


Input Characteristics 


ee eee 


1 MAXIMUM DIFFEREN. 

= “Ey TIAL INPUT VouTAGE « F 

—100 1 4 
~10 -60 ~-20 20 6.0 10 


DIFFERENTIAL INPUT VOLTAGE (V) 


Response Time for Various 
Input Overdrives 


OUTPUT 
VOLTAGE {V} 


50 }-—- 


INPUT 
VOLTAGE (mV) 


°o 


0 50 100 150 200 250 300 350 
TIME (ns) 


Supply Current 
12 — 

T, = 25°C 
10 | -- oe 


8.0 


+ POSITIVE SUPPLY 


t— ae. 


60 ae 


40 


SUPPLY CURRENT (mA) 


0 5.0 15 20 


10 
SUPPLY VOLTAGE (V) 


OUTPUT 


INPUT 


input Currents 
250 r 


200 


a 
S$ 


i=) 
S 


INPUT CURRENT {nA} 


80 Fo 4 


i 
| OFFSET 
‘ T 


55-35-15 5.0 25 45 65 85 105 125 
TEMPERATURE (°C) 


Response Time for Various 
Input Overdrives 


ss » Vs = 5.0V 
= 50 
= 
we 4.0 
30 
- 20 
1.0 
0 
S 0 
—E 
w —50 
& -100 
$ 
0 50 100 150 200 250 300 350 
TIME (ns) 
Output Limiting 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL APPLICATIONS 
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TYPICAL APPLICATIONS 


Voltage Controlled High Speed One Shot 


+5V 


100pf 


5V 
INPUT 
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LT119A/LT319A 
LM119/LM319 


TYPICAL APPLICATIONS 


5kHz to 2MHz V — F Converter 
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TECHNOLOGY 


LT119A/LT319A 
LM119/LM319 


PACKAGE DESCRIPTION 
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14-Lead Molded DIP (N) 
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SECTION 7—FILTERS 
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SECTION 7—FILTERS 
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PROPRIETARY PRODUCTS 
LTC 1059, High Performance Switched Capacitor Universal Filter... 0.0... 0. ccc cece tec e cece cece neces eect et eenne nes 7-3 
LTC1059CS, High Performance Switched Capacitor Universal Filler... 0... 0.0.0 cece cect eee ee cence tbe e eee e es 7-14 
LTC1060, Universal Dual Filter Building BIOCK «00.0... 6.00 cc cece cece ete beeen ene e ede c eee e bebe tee e teens 7-15 
LTC1060CS, Universal Dual Filter Building Block . 2.0.2... c cece eee eee ett t bebe b este ne eeees 7-35 
L7C1061, High Performance Triple Universal Filter Building BIOCK «0... 0.0... e ccc ccc cece eect eee e tent etneeeees 7-39 
LTC1061CS, High Performance Triple Universal Filter Building BlOCK .... 6... oo ccc cect nc cn een enees 7-55 
LTC1062, Sth Order Low Pass Filter... 6.0. eect eee een bene teed e bebe bbb bebe bbn tee teebenes 7-59 
LIC1062CS, 5th Order Low Pass Filter... 6.0. cece cee eben ence e ene b nett etn be tee tne t nee etanes 7-71 
LTC1064, Low Noise, Fast, Quad Universal Filter Building BIOCK . 2.0.0.0 ccc ccc cece cece een e ue ecernteatutnrnnyes 7-73 
LTC1064-1, Low Noise, 8th Order,-Clock Sweepable Elliptic Lowpass Filter... 0.0.00... c cece ccc ccc cee n tec c nce eeneueens 7-89 
LTC1064-2, Low Noise, High Frequency 8th Order Butterworth Lowpass Filter... 000.0. c tee een c net enecees 13-15 
LTC1064-3, Low Noise, High Frequency 8th Order Linear Phase Lowpass Filler... 0.0... 0 ccc ccc cece cece tne ec eecevevaes 13-19 
LTC 1064-4, Low Noise, 8th Order, Clock Sweepable Cauer Lowpass Filter... 02.0026. occ ccc cence tenn cent tn een nens 13-20 
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LTC1059 
High Performance 


Switched Capacitor Universal Filter 


FEATURES 


® All Filter Parameters Guaranteed over Temperature 

= Wide Center Frequency Range (0.1Hz to 40kHz) 

= Low Noise Wide Dynamic Range 

= Guaranteed Operation for + 2.37V and + 5V Supply 

= Low Power Consumption 

= Guaranteed Clock to Center Frequency Accuracy of 
0.3% (LTC1059A) 

= Guaranteed Low Offset Voltages over Temperature 

= Very Low Center Frequency and Q Tempco 

® Clock Input TL or CMOS Compatible 

® Separate Highpass (or Notch or Allpass), Bandpass, 
Lowpass Outputs 


APPLICATIONS 


= Sinewave Oscillators 

= Sweepable Bandpass/Notch Filters 
# Full Audio Frequency Filters 

@ Tracking Filters 


DESCRIPTION 


The LTC1059 consists of a general purpose, high perfor- 
mance, active filter building block and an uncommitted op 
amp. The filter building block together with an external 
clock and 2 to 5 resistors can produce various second or- 
der functions which are available at its three output pins. 
Two out of three always provide lowpass and bandpass 
functions while the third output pin can produce notch or 
highpass or allpass. The center frequency of these func: 
tions can be tuned from 0.1Hz to 40kHz and it is dependent 
onan external clock or an external clock and a resistor ra- 
tio. The filter can handle input frequencies up to 100kHz. 
The uncommitted op amp can be used to obtain additional 
allpass and notch functions, for gain adjustment or for 
cascading techniques. 


Higher than second order filter functions can be obtained 
by cascading the LTC1059 with the LTC1060 dual univer- 
sal filter or LTC1061 triple universal filter. Any classical fil- 
ter realization (such as Butterworth, Cauer, Bessel and 
Chebyshev) can be formed. 


The LTC1059 can be operated with single or dual supplies 
ranging from +2.37V to +8V (or 4.74V to 16V single sup- 
ply) and is pinout compatible with MFS. 


The LTC1059 is manufactured by using Linear Technol- 
ogy’s enhanced LTCMOS™ silicon gate process. 


LTcMos™ Mis a trademark of Linear Technology Corp. 


TYPICAL APPLICATION 


Wide Range 2nd Order BandpassiNotch Filter with Q = 10 
NOTCH OUT 


Vin 
DC-200kHz 


T2L CLOCK IN < 2MHz 


Vagus, 


Center Frequency and Q Error 
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_.-__ CLOCK = 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage...........ccccescueveesessececaseees 18V 
Power Dissipation.............scccccsesecsenees 500mW 
Operating Temperature Range 
LTC1059AC, LTC1059C............ ~ 40°C <T,<85°C 
LTC1059AM, LTC1059M........... - 55°C <T,< 125°C 
Storage Temperature Range............ - 65°C to 150°C 
Lead Temperature (Soldering, 10sec).............. 300°C 


LTC1059 


19} 50/100/HOLD 


ORDER PART NUMBER 


LTC1059ACN 
LTC1059AC 


LTC1059AMJ 
LTC1059CN 
LTC1059CJ 
LTC1059MJ 


ELECTRICAL CHARACTERISTICS 


(Complete Filter) Vs = + 5V, Ta = 25°C, TAL clock input level unless otherwise specified. 


sans a 
PARAMETER CONDITIONS MIN TYP MAX is UNITS 
Center Frequency Range, fy fox Q<400kHz, Mode 1 | | 0.1-40k Hz 
f.x Q<1.6MHz, Mode 1 0.1-18k Hz 
fy X Q:<250kHz, Mode 3, Vg = +7.5V 0.1-20k Hz 
f. x Q< 1MHz, Mode 3, Vs= +7.5V 0.1-16k | Hz 
Input Frequency Range 0-200k a2 Hz 
Clock to Center Frequency Ratio a et 
LTC1059A Mode 1, 50:1, fox = 250kHz, Q= 10 e 50+0.3% 
LTC1059 Mode 1, 50:1, fo. = 250kHz, Q = 10 e 50+0.8% 
LTC1059A Mode 1, 100:1, fo.x = 500kHz, Q= 10 e 100+ 0.3% 
LTC1059 Mode 1, 100:1, fo,x = 500kHz, Q = 10 Als 100+ 0.8% 
QAccuracy Wi 
LTC1059A Mode 1, 50:1 or 100:1, f, = 5kHz e £05 3 % 
LTC1059 Q=10 e +05 5 % 
al 
fy Temperature Coefficient Mode 1, fork <500kHz 5 ppm/°C 
QTemperature Coefficient Mode 1, fox <500kHz, Q= 10 15 ppmicC. 
OC Offset Vos; | | e | 2 15 mV 
Vose fork = 250kHz, 50:1, Sag High e 3 30 mV 
Voso fork = 500kHz, 100:1, Sag High e 6 60 mV 
Vose fork = 250kHz, 50:1, Sap Low e 2 20 mV 
Vose forx = 500kHz, 100:1, Sag Low e 4 40 mV 
Voss foux = 250kHz, 50:4 e 2 20 mV 
Voss fox = 500kHz, 100:1 e 4 40 Alle mV 
DC Low Pass Gain Accuracy Mode 1, R1 = R2 = 50k0 e +01 2 % 
BP Gain Accuracy at f, Mode 1, Q= 10, fp = 5kHz +01 % 
Clock Feedthrough feux s 1MHz 10 mV 
Max. Clock Frequency Mode 1,Q<5, Vs> +5V | 2 MHz 
Power Supply Current 3.5 55 mA 
e 7 mA 


LTC1059 


ELECTRICAL CHARACTERISTICS (complete Fitter Vs = +2.37V, Ta=25°C unless otherwise specified 
[ conomons 


f.x Qs 120kHz, Mode 1, 50:1 0.1-12k 
f.x Qs 120kHz, Mode 3, 50:1 0.1-10k 


PARAMETER 
Center Frequency Range 


Input Frequency Range 


Clock to Center Frequency Ratio 
LTC1059A 


Mode 1, 50:1, fox = 250kHz, Q= 10 


LTC1059 Mode 1, 50:1, for, = 250kHz, Q= 10 50+0.8% 
LTC1059A Mode 1, 100:1, foxx = 250kHz, Q= 10 100+0.5% 
LTC1059 Mode 1, 100:1, fork = 250kHz, Q= 10 1002 0.8% 


Q Accuracy 
LTC1059A 
LTC1059 


% 
% 
Hz 
mA 


Mode 4, fo.x = 250kHz, Q= 10 
50:1 and 100:1 


Max. Clock Frequency 
Power Supply Current 


PARAMETER 


Supply Voltage Range 


Voltage Swings 
LTC1059A Vg = +5V, Ri =5k (Pins 1, 14) V 
LTC1059 R, =3.5k (Pins 2, 13) v 
LTC1059, LTC1059A v 


Input Offset Voltage mV 
Input Bias Current pA 
Output Short Circuit Current mA 


Source/Sink 
DC Open Loop Gain 


GBW 
Slew Rate 


The © denotes the specifications which apply over the full operating 
temperature range. 
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LTC1059 
BLOCK DIAGRAM 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Graph 1. Mode 1: Graph 2. Mode 1: Graph 3. Mode 1: Q Error vs Clock 
(for k/f,) Deviation vs Q (forx/l,) Deviation vs Q Frequency 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Graph 4. Mode 1: Q Error vs Clock 
Frequency 
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Graph 5. Mode 1: Measured Q vs 
for, and Temperature 
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LTC1059 


TYPICAL PERFORMANCE CHARACTERISTICS 


GQ ENHANCEMENT (%) 


! DEVIATION FROM 100:1 (%) 


Graph 13. Mode 1: (fo, «/f,) ¥5 for, 
and Temperature 
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Graph 16. Mode 3: Q Error vs Clock 
Frequency 


Graph 14, Mode 1: Notch Depth vs 
Clock Frequency 
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Graph 17. Mode 3(R2= R4): Q 
Error vs Clock Frequency 
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Graph 19. Mode 3 (R2 = R4): 
fork.) ¥8 for, and Q 
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Graph 20. Mode 3 (R2= Rd): 
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Graph 18. Mode 3(R2=Ré): 
Measured Q vs f., , and 
Temperature 
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Graph 21. Mode 3(R2 = Ré): 
(tor/f,) vs fo, and Temperature 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Graph 22. Mode 3 (R2 = Ra): 
(forylf,) ¥S fo, and Temperature 


Graph 23, Mode 3(R2= Ra): 
(torkltg) ¥8 fo, and Temperature 


Graph 24, Mode 3(R2= RA): 
(torxlf.) ¥S foi, and Temperature 


DEVIATION FROM 50:1 (%) 
DEVIATION FROM 100:1 (%) 
° 
re 


i DEVIATION FROM 50:1(%) 


| 
o. 
pe 


Seu (MHz) 


Graph 25. Mode 1c (R5=0), 
Mode 2(R2 = R4) Q Error vs Clock 
Frequency 
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Graph 26. Supply Current vs 
Supply Voltage 
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APPLICATIONS INFORMATION 


The LTC1059 is compatible with the LTC1060. All the 
LTC1059 pins are functionally equivalent to the LTC1060 
pins bearing the same title. For a detailed pin description 
and definition of various modes of operation refer to the 
LTC1060 data sheet. The LTC1059 is typically “faster” 
than the LTC1060 especially under single 5V (or +2.5V) 


supply operation. This becomes apparent through the typ- 
ical performance characteristics of the part. All the graphs 
shown in this data sheet have been drawn under the same 
test conditions as in the LTC1060 data sheet; they are also 
numbered in the same order. For a complete discussion of 
the filter characteristics see the LTC1060 data sheet. 
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LTC1059 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted 


J Package 
14-Lead Ceramic DIP 


0.785 
(19.939) 
MAX 


(0.635) 


0.290-0.320 
(7378.13) | 


0.220--0.310 
(5.588 - 7.874) 
Je a Kt ue 
(5.080) 
0.098 
7a — MAX 
hig 0.015~0.060 
0°-15° 
0.008~-0.018 
(6.208 — 0.400) 
0.385 0.025 


(0.381 ~ 1,524) 


(9.779 + 0.635) 


0.014 0.026 0.000.010 
"(0.36—0.66)_ ack SC ieee | (2.540 +. 0.254) pares 
0.038 -0.068 a) 
(0.965 —1.727) me 
stata 
Timax Ga 
150°C 80°C/W 
N Package 
14-Lead Plastic DIP 


0.250 + 0.010 
(6.350 40.254) 


0.300 0.320 


(7.620 ~- 8.128) 


—~| 
0.130 + 0.005 
(3.302 + 0.127) 


0.045 0.065 9.085, 
(1.143 =1.651) 


0.009 - 0.015 


0.075 0.015 0.018 + 0.003 
(0.229-0.381) (1.905 20.381) |. | [4 portato 457 +-0.076) 
+0.025 
0.325 *9.028 0.100£0.010 
0.698 12.540 £0.254) 
(6.255 +9535) ween 
Timax Sia 
410°C. 130°C /W 
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LTC1059CS 
High Performance 


Switched Capacitor Universal Filter 


FEATURES 


® All Filter Parameters Guaranteed over Temperature 

= Wide Center Frequency Range (0.1Hz to 40kHz) 

= Low Noise Wide Dynamic Range 

= Operates from + 2.5V Supply up to + 8V 

= Low Power Consumption 

= Guaranteed Clock to Center Frequency Accuracy 
of 0.8% or Better 

= Guaranteed Low Offset Voltages over Temperature 

= Very Low Center Frequency and Q Tempco 

= Clock input T2L or CMOS Compatible 

= Separate Highpass (or Notch or Allpass), Bandpass, 
Lowpass Outputs 


APPLICATIONS 


= Sinewave Oscillators 

= Sweepable Bandpass/Notch Filters 
= Full Audio Frequency Filters 

® Tracking Filters 


DESCRIPTION 


The LTC1059 consists of a general purpose, high perfor- 
mance, active filter building block and an uncommitted op 
amp. The filter building block together with an external 
clock and 2 to 5 resistors can produce various second or- 
der functions which are available at its three output pins. 
Two out of three always provide lowpass and bandpass 
functions while the third output pin can produce notch or 
highpass or allpass. The center frequency of these func- 
tions can be tuned from 0.1Hz to 40kHz and it is dependent 
onan external clock or an external clock and a resistor ra- 
tio. The filter can handle input frequencies up to 100kHz. 
The uncommitted op amp can be used to obtain additional 
allpass and notch functions, for gain adjustment or for 
cascading techniques. 


Higher than second order filter functions can be obtained 
by cascading the LTC1059 with the LTC1060 dual univer- 
sal filter or LTC1061 triple universal filter. Any classical fil- 
ter realization (such as Butterworth, Cauer, Bessel and 
Chebyshev) can be formed. 


The LTC1059 can be operated with single or dual supplies 
ranging from +2.37V to +8V (or 4.74V to 16V single 
supply). 

The LTC1059 is manufactured by using Linear Technol- 
ogy’s enhanced LTCMOS™ silicon gate process. 


LTCMOS™ js a trademark of Linear Technology Corp. 


TYPICAL APPLICATION 


Wide Range 2nd Order BandpassiNotch Filter with Q = 10 


NOTCH OUT 
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LTC1IO59CS 


ABSOLUTE MAXIMUM RATINGS 


PACKAGE/ORDER INFORMATION 


Supply Voltage .........cccecccscsseeseeesaseueurees 18V ToP VIEW | ORDER PART NUMBER 
Operating Temperature Range ........ - 40°C <Ta<85°C 

Storage Temperature Range............. — 65°C to 150°C ? LTC1059S 

Lead Temperature (Soldering, 10sec) .............. 300°C ~ 


INVo 


H) urciosa [7] acno 


S14 PACKAGE 
PLASTIC SO 


PART MARKING 
LTC1059S 


rene 


ELECTRICAL CHARACTERISTICS 


(Complete Filter) Vs = + 5V, Ta = 25°C, TAL clock input level unless otherwise specified. 


PARAMETER 
Center Frequency Range, f, 


f.X Q<1MHz, Mode 3, Vs= 7.5V 


Input Frequency Range ee eae eee 

Clock to Center Frequency Ratio Mode 1, 50:1, fork = 250kHz, Q= 10 

(Note 1) Mode 1, 100:1, fox = 500kHz, Q= 10 

Q Accuracy (Note 1) Mode 1, 50:1 or 100:1, fp = 5kHz e 

Q=10 

fy Temperature Coefficient Mode 1, fo, <500kHz 5 

Q Temperature Coefficient Mode 1, fe.x <500kHz, Q= 10 15 

DC Offset Vost (Note 2) 2 
Vos2 foux = 250kHz, 50:1, Sajp High 3 
Vos2 fox = 500KHz, 100:1, Sajg High 6 
Voge fox = 250kHz, 50:1, Sag Low 2 
Vose foux = 500kHz, 100:1, Sag Low 4 
Vos3 foux = 250kHz, 50:1 2 
Voss foux = 500kHz, 100:1 4 

DC Low Pass Gain Accuracy Mode 1, R1 = R2=50k0 0.1 

BP Gain Accuracy at f, Mode 1, Q= 10, fy = 5kHz +01 

Clock Feedthrough fox ss IMHz 10 

Max. Clock Frequency Mode 1,Q<5, Vg= + 5V 2 

Power Supply Current 3.5 


Note 1: An LTC1059S with improved Q and clock to center frequency ratio 
accuracy can be made available upon special request. 

Note 2: For definition of the DC offset voltages, refer to the LTC 1059 data 
sheet. An LTC1059S with Improved DC offset specifications can be made 
available upon special request. 


CONDITIONS MIN TYP MAX 


f,x Qs 400kHz, Mode 1 
{,xQ1.6MHz, Mode 4 
fx Q< 250kHz, Mode 3, Vg = + 7.5V 


UNITS 
Hz 
Hz 
Hz 
Hz 


Hz 


5.5 
7 
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€Le CTRICAL CHARACTE RISTICS (Complete Filter) Vs = + 2.37V, Ta = 25°C unless otherwise specified 


PARAMETER CONDITIONS MIN TYP MAX | UNITS 
Center Frequency Range fy x Q.<120kHz, Mode 1, 50:1 0.1-12k is Hz 
fy x Qs 120kHz, Mode 3, 50:1 0.1-10k 4 Hz 
Input Frequency Range 60k Hz 
Clock to Center Frequency Ratio Mode 1, 50:1, fo. = 250kHz, Q= 10 50 + 0.8% \ 
Mode 1, 100:1, forx = 250kHz, Q= 10 100+0.8% _| 
Q Accuracy Mode 1, forx = 250kHz, Q= 10 +2 % 
50:1 and 100:1 
Max. Clock Frequency Hz 
Power Supply Current: 1.5 25 mA 
€ LECTRICAL CHA RACTE RISTICS (Internal Op Amps) T, = 25°C unless otherwise specified 
PARAMETER [: CONDITIONS MIN TYP MAX UNITS 
Supply Voltage Range | ‘i 2.375 +8 L Vv 
Voltage Swings ir Vg = + 5V, Ry, = 5k (Pins 1, 14) +38 +4.2 v 
1 Ry = 3.5k (Pins 2, 13) \@ +36 V 
input Offset Voltage e 1 15 y mv 
Input Bias Current 3 pA 
Output Short Circuit Current Vg = +5V 25/3 mA 
Source/Sink 
DC Open Loop Gain Vg= +5V _| 80 dB 
GBW Vg= +5V 2 MHz 
Slew Rate Vg= +5V tot 7 i Vins 


The @ denotes the specifications which apply over the full operating 
temperature range. 
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FEATURES 


= Guaranteed Filter Specification for + 2.37V and 
+5V Supply 
@ Operates up to 30kHz 
= Low Power and 88dB Dynamic Range at + 2.5V Supply 
= Center Frequency Q Product up to 1.6MHz 
= Guaranteed Offset Voltages 
= Guaranteed Clock to Center Frequency Accuracy over 
Temperature 
0.3% for LTC1060A 
0.8% for LTC1060 
= Guaranteed Q Accuracy over Temperature 
= Low Temperature Coefficient of Q and Center 
Frequency 
= Low Crosstalk, 70dB 
® Clock inputs TTL and CMOS Compatible 


APPLICATIONS 


@ Single 5V Supply Medium Frequency Filters 

@ Very High Q and High Dynamic Range Bandpass, 
Notch Filters 

® Tracking Filters 

= Telecom Filters 


Single 5V, Gain of 1000 4th Order Bandpass Filter 


3.16k 


v 
invent] 


LTC1060 


Universal Dual Filter 
Building Block 


DESCRIPTION 


The LTC1060 consists of two high performance, switched 
capacitor filters. Each filter, together with 2 to 5 resistors, 
can produce various 2nd order filter functions such as low- 
pass, bandpass, highpass notch and allpass. The center 
frequency of these functions can be tuned by an external 
clock, or by an external clock and resistor ratio. Up to 4th 
order full biquadratic functions can be achieved by cas- 
cading the two filter blocks. Any of the classical filter con- 
figurations (like Butterworth, Chebyshev, Bessel, Cauer) 
can be formed. 


The LTC 1060 operates with either a single or dual supply 
from +2.37V to +8V. When used with low supply (i.e. 
single 5V supply), the filter typically consumes 12mW and 
can operate with center frequencies up to 10kHz. With 
+5V supply, the frequency range extends to 30kHz and 
very high Q values can also be obtained. 


The LTC1060 is manufactured by using Linear Tech- 
nology’s enhanced LTCMOS™ silicon gate process. Be- 
cause of this, low offsets, high dynamic range, high center 
frequency Q product and excellent temperature stability 
are obtained. 


The LTC1060 is pinout compatible with MF10. 


LTCMOS™* is a trademark of Linear Technology Corp. 


Amplitude Response 


GAIN (4B) 
8 


—10 
0 100 125 150 175 200 225 250 27 
INPUT FREQUENCY (Hz) 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage......:ss.sssscosssnessesorsevecsonne 18V apace 
Power Dissipation.............ccceeseeeeeeeeees 500mW ORDER PART 
Operating Temperature Range NUMBER 
LTCI060AC, LTC1060C............ ~ 40°C <T,<85°C wae FH 
LTC1060AM, LTC1060M.......... — 55°C <T,<125°C 
Storage Temperature Range............ ~ 65°C to 150°C 
Lead Temperature (Soldering, 10sec.)......... vee 800°C LTC1060ACJ 


LTC1060MJ 
LTC1060ACN 
LTCt060AMJ 
LTC1060CN 
LTC1060CJ 


J PACKAGE N PACKAGE 
CERDIP MOLDED DIP 


PARAMETER 


Center Frequency Range fy x Q<400kHz, Mode 1, Figure 4 
(see Applications Information) {,x Qs 1.6MHz, Mode 1, Figure 4 
Clock to Center Frequency Ratio 
LTC1060A Mode 1, 50:1, fox = 250kH2z, Q= 10 50+0.3% 
LTC1060 Mode 1, 50:1, fork = 250kHz, Q= 10 50+ 0.8% 
LTC1060A Mode 1, 100:1, fo.x = 500kHz, Q= 10 100+ 0.3% 
LTC1060 Mode 1, 100:1, foxx = 500kHz, Q= 10 100+0.8% 
Qaccuracy 
LTC1060A Mode 1, 60:1 or 100:1, fp = SkHz +05 3 % 
LTC1060 Q=10 +05 5 % 
f, Temperature Coefficient -10 ppm/°C 
QTemperature Coetticient Mode 1, fox <500kHz, Q= 10 +20 ppm/°C 
DC Offset Vog) ® 
Vos2 fox = 250kHz, 50:1, Sag High e mV 
Vose foLk = 500KHz, 100:1, Sy High e 6 60 mV 
Vos2 foux = 250kHz, 50:1, Sap Low e 2 20 mv 
Vose fork = 500kHz, 100:1, Sag Low e 4 40 mv 
Vos3 foux = 250kHz, 50:1, Saja Low e 2 mV 
fork = 500kHz, 100:1, Sag Low @ 4 
DC Low Pass Gain Accuracy Mode 1, R1 = R2=50k 
BP Gain Accuracy at fy Mode 1, Q= 10, fy = 5kHz % 
Clock Feedthrough fouxs 1MHz mV(p-p) 
Max. Clock Frequency 15 MHz 
Power Supply Current 3 5 8 mA 
e 12 mA 


Crosstalk 
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ELECTRICAL CHARACTERISTICS (compicte Fitter) Vs = +2.37V, Ta= 25°C 


PARAMETER Z| CONDITIONS MIN TYP MAX UNITS 
Center Frequency Range fx Qs 100kHz 0.1-10k Hz 
Clock to Center Frequency Ratio 

LTC1060A Mode 1, 50:1, fo.« = 250kH2z, Q= 10 e 50+ 0.5% 

LTC1060 Mode 1, 50:1, fork = 250kHz, Q = 10 50+ 0.8% 

LTC1060A Mode 1, 100:1, fe.x = 250kHz, Q= 10 e 100+ 0.5% 

LTC1060 Mode 1, 100:1, fork = 250kHz, Q = 10 100 + 0.8% 

we 

Q Accuracy 

LTC1060A Mode 1, f, = 2.5kHz, Q= 10 +2 % 

LTC1060 | +4 % 
Max Clock Frequency 500 kHz 
Power Supply Current 25 4 mA 
ELECTRICAL CHARACTERISTICS (internal op Amps)T,=25°C 
PARAMETER CONDITIONS | MIN TYP MAX UNITS 
Supply Voltage Range l= £2.37 +8 7 
Voltage Swings 

LTC1060A +4 +4 v 

LTC1060 Vg = +5V, R, =5k (Pins 1, 2, 19, 20) £38 +4 Vv 

LTC1060, LTC1060A R, =3.5k (Pins 3, 18) e +36 +4 V 
Output Short Circuit Current Vg= +5V 

Source 25 mA 

Sink 3 mA 
Op Amp GBW Product Vg= +5V 2 MHz 
Op Amp Slew Rate Vg= +5V 7 Vins 
Op Amp DC Open Loop Gain Ru = 10k, Vg= +5V ae 85 dB 
The @ denotes the specifications which apply over the full operating 
temperature range. 
BLOCK DIAGRAM We gak ciara ny ee 


inva [4] 


AGND [15] 
NON-OVERLAP 
50/100/HOLD [12] 


LEVEL SHIFT | 9 | 


LEVEL NON-OVERLAP 
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LTC1060 
TYPICAL PERFORMANCE CHARACTERISTICS 


Graph 1. Mode 1: Graph 2. Mode 1: Graph 3. Mode 1: Q Error vs Clock 
(for kif.) Deviation vs Q (for ,/t,) Deviation vs Q Frequency 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Graph 10. Mode 1: (fey ,/f,) ¥S fork Graph 11. Mode 1: (fo, df) ¥8 fork Graph 12. Mode 1: (fg, ./f,) ¥S fork 
andQ andQ and Temperature 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Graph 19. Mode 3(R2=R4): Graph 20. Mode 3(R2= Ré): Graph 21. Mode 3 (R2 = R4): 
foul ¥S top, andQ (orylf.) ¥8 for, and Q (orklta)¥5 fo, and Temperature 
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PIN DESCRIPTION AND APPLICATIONS INFORMATION 


Power Supplies 


The Vand Vi (pins 7 and 8) and the Vj, Vp (pins 14 and 13) 
are, respectively, the analog and digital positive and nega- 
tive supply pins. For most cases, pins 7 and 8 should be 
tied together and bypassed by a O.1uF disc ceramic 
capacitor. The same holds for pins 14 and 13. If the 
LTC1060 operates in high digital noise environment, the 
supply pins can be bypassed separately. Pins 7 and 8 are 
internally connected through the IC substrate and should 
be biased from the same DC source. Pins 14 and 13 should 
also be biased from the same DC source. 


The LTC1060 is designed to operate with + 2.5V supply (or 
single 5V) and with +5V to +8V supplies. The minimum 
supply, where the filter operates reliably, is +2.37V. With 
low supply operation, the maximum input clock frequency 
is about 500kHz. Beyond this, the device exhibits exces- 
sive Q enhancement and center frequency errors. 


Clock Input Pins and Level Shift 


The level shift (LSh) pin 9 is used to accommodate TAL or 
CMOS clock levels. With dual supplies equal or higher to 
+ 4.5V, pin 9 should be connected to ground (same poten- 
tial as the AGND pin). Under these conditions the clock 
levels can be TL or CMOS. With single supply operation, 
the negative supply pins and the LSh pin should be tied to 
the system ground. The AGND, pin 15, should be biased at 
1/2 supplies, as shown in the “Single 5V Gain of 1000 4th 
Order Bandpass Filter” circuit. Again, under these condi- 
tions, the clock levels can be T¢L or CMOS. The input 
clock pins (10, 11) share the same level shift pin. The clock 
logic threshold level over temperature is typically 
1.5V+0.1V above the LSh pin potential. The duty cycle of 
the input clock should be close to 50%. For clock frequen- 
cies below 1MHz, the (fcik/fo) ratio is independent from 
the clock input levels and from its rise and fall times. Fast 
rising clock edges, however, improve the filter DC offsets. 
For clock frequencies above 1MHz, T2L level clocks are 
recommended. 


50/100/Hold (Pin 12) 
By tying pin 12 to (Vj, V3), the filter operates in the 50:1 


mode. With + 5V supplies pin 12 can be typically 1V below 
the positive supply without affecting the 50:1 operation of 


the device. By tying pin 12 to 1/2 supplies (which should be 
the AGND potential), the LTC1060 operates in the 100:1 
mode. The 1/2 supply bias of pin 12 can vary around the 1/2 
supply potential without affecting the 100:1 filter opera- 
tion. This is shown in Table 1. 


When pin 12is shorted to the negative supply pin, the filter 
operation is stopped and the bandpass and lowpass out- 
puts act as a S/H circuit holding the last sample. The hold 
step is 20mV and the droop rate is 150,V/second! 


Table 4 
Voltage Range of Pin 12 
Total Power Supply for 100:1 Operation 
+5V 2.5V +0.5V 
+10V +5V41V 


+15V +7.5V+15V 


Sta, S1g (Pins 5 and 16) 


These are voltage signal input pins and, if used, they 
should be driven with a source impedance below 5kQ. The 
$1, S1g pins can be used to alter the CLK to center fre- 
quency ratio (fcik/fo) of the filter (see Modes 1b, 1c, 2a, 2b) 
or to feedforward the input signal for allpass filter con- 
figurations (see Modes 4 and 5). When these pins are not 
used, they should be tied to the AGND pin. 


Sw (Pin 6) 


When Syyp is high, the S2 input of the filter's voltage sum- 
mer (see Block Diagram) is tied to the lowpass output. This 
frees the $1 pin to realize various modes of operation for 
improved applications flexibility. When the Sajp pin is con- 
nected to the negative supply, the S2 input switches to 
ground and internally becomes inactive. This improves the 
filter noise performance and typically lowers the value of 
the offset Voge. 


AGND (Pin 15) 


This should be connected to the system ground for dual 
supply operation. When the LTC1060 operates with a 
single positive supply, the analog ground pin should be 
tied to 1/2 supply and bypassed with a 0.14F capacitor, as 
shown in the application, “Single 5V, Gain of 1000 4th Or- 
der Bandpass Filter”. The positive inputs of all the internal 
op amps, as well as the reference point of all the internal 
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APPLICATIONS INFORMATION 


switches are connected to the AGND pin. Because of this, 
a “clean” ground is recommended. 


foikifo Ratio 


The (foixifo) reference of 100:1 or 50:1 is derived from the 
filter center frequency measured in mode 1, with a Q= 10 
and Vg= +5V. The clock frequencies are, respectively, 
500kHz/250kHz for the 100:1/50:1 measurement. All the 
curves shown in the Typical Performance Characteristics 
section are normalized to the above references. 


Graphs 4 and 2 in the Typical Performance Characteristics 
show the (fcik/fo) variation versus values of ideal Q. The 
LTC1060 is a sampled data filter and it only approximates 
continuous time filters. In this data sheet, the LTC1060 is 
treated in the frequency domain because this approxima- 
tion. is good enough for most filter applications. The 
LTC1060 deviates from its ideal continuous filter model 
when the (foik/fo) ratio decreases and when the Q’s are 
low. Since low Q filters are not selective, the frequency 
domain approximation is well justified. In graph 15 the 
LTC1060 is connected in mode 3 and its (fo. K/fo) ratio is 
adjusted to 200:1 and 500:1. Under these conditions, the 
filter is over-sampled and the (fcLk/fo) curves are nearly in- 
dependent of the Q values. In mode 3, the (foik/fo) ratio 
typically deviates from the tested one in mode 1 
by +0.1%. 


fo x Q Product Ratio 


This is a figure of merit of general purpose active filter 
building blocks. The foxQ product of the LTC1060 
depends on the clock frequency, the power supply voit- 
ages, the junction temperature and the mode of operation. 


At 25°C ambient temperature for +5V supplies, and for 
clock frequencies below 1MHz, in mode 1 and its deriva- 
tives, the fo x Q product is mainly limited by the desired fy 
and Q accuracy. For instance, from graph 4 at 50:1 and for 
fotx below 800kHz a predictable ideal Q of 400 can be 
obtained. Under this condition, a respectable fy x Q prod- 
uct of 6.4MHz is achieved. The 16kHz center frequency will 
be about 0.22% off from the tested value at 250kHz clock 
(see graph 1). For the same clock frequency of 800kHz and 
for the same Q value of 400, the fy x Q product can be fur- 
ther increased if the clock to center frequency ratio is low- 
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ered below 50:1. In mode tc with R5=0 and R6=, the 
(foLk/fo) ratio is 50/V2. The fy x Q product can now be in- 
creased to 9MHz since, with the same clock frequency and 
same Q value, the filter can handle a center frequency of 
16kHz x v2. 


For clock frequencies above 1MHz, the fo x Q product is 
limited by the clock frequency itself. From graph 4 at 
+7.5V supply, 50:1, and 1.4MHz clock, a Q of 5 has about 
8% error; the measured 28kHz center frequency was 
skewed by 0.8% with respect to the guaranteed value at 
250kHz clock. Under these conditions, the fo x Q product 
is only 140kHz, but the filter can handle higher input signal 
frequencies than the 800kHz clock frequency-very high Q 
case described above. 


Mode 3, Figure 11, and the modes of operation where Ré is 
finite, are “slower” than the basic mode 1. This is shown 
in graph 16 and 17. The resistor R4 places the input op 
amp inside the resonant loop. The finite GBW of this op 
amp creates an additional phase shift and enhances the Q 
value at high clock frequencies. Graph 16 was drawn with 
a small capacitor, Cc, placed across R4 and as such, at 
Vg= +5V, the (1/2aR4Cc)=2MHz. With Vs= +2.5V the 
(1/2xR4Cc) should be equal to 1.4MHz. This allows the Q 
curve to be slightly “flatter” over a wider range of clock 
frequencies. If, at +5V supply, the clock is below 900kHz 
(or 400kHz for Vg= +2.5V), this capacitor, Cc, is not 
needed. 


For graph 25, the clock to center frequency ratios are al- 
tered to 70.7:1 and 35.35:1. This is done by using mode 1¢ 
with R5=0, Figure 7, or mode 2 with R2=R4= 10k0. The 
mode 1c, where the input op amp is outside the main loop, 
is much faster. Mode 2, however, is more versatile. At 50:1, 
and for Ta = 25°C the mode 1c can be tuned for center fre- 
quencies up to 30kHz. 


Output Noise 

The wideband rms noise of the LTC1060 outputs is 
nearly independent from the clock frequency provided that 
the clock itself does not become part of the noise. The 
LTC1060 noise slightly decreases with +2.5V supply. The 
noise at the BP and LP outputs increases for high Q’s. 
Table 2 shows typical values of wideband rms noise. The 
numbers in parentheses are the noise measurement in 
mode 1 with the Sag pin shorted to V- as shown in 
Figure 25. 
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Table 2. Wideband mms Noise 


Mode 1, Ri =R2=R3 
=1 


Q 
52 (40) 
150(125) Mode 1,Q= 10 


220 (160) R1 = R3 for BP out 
100 (80) R1=R2 for LP out 
150 (105) 


Mode 3, R1=R2=R3=R4 


Mode 3, R2= R4, Q= 10 
R3= Ri for BP out 
R4=R1 for LP and HP out 


Short Circuit Currents 


Short circuits to ground, positive or negative power supply —_ short circuits to the negative power supply will cause ex- 
are allowed as long as the power supplies do not exceed —_cessive currents to flow. Under these conditions, the de- 
+5V and the ambient temperature stays below 85°C. _vice will get damaged if the short circuit current is allowed 
Above +5V and at elevated temperatures, continuous — to exceed 80mA. 7 


DEFINITION OF FILTER FUNCTIONS 


Each building block of the LTC1060, together with an ex- Qz= Quality factor of the complex pole pair. It is the 
ternal clock and a few resistors, closely approximates 2nd ratio of fo to the — 3dB bandwidth of the 2nd or- 
order filter functions. These are tabulated below in the fre- der bandpass function. The Q is always mea- 
quency domain. sured at the filter BP output. 
1. Bandpass function: available at the bandpass output 

pins (2, 19}, Figure 1. 2. Lowpass function: available at the LP output pins 

sunlQ (1,20), Figure 2. 
@\s)= Hoge : 
s+ (Sa/Q} + Wo G(s) = Hop Fe RT Si 
Hopp = Gain at w = wo $°+ S(a0lQ) + ap 


fy = «ip/2x; fy is the center frequency of the complex Hoip= DC gain of the LP output. 


pole pair. At this frequency, the phase shift be- 
tween input and output is - 180°. 
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3. Highpass function: available only in mode 3 at the out- 5. Allpass function: available at pins 3(18) for mode 4, 4a. 


put pins (3, 18), Figure 3. gas bee 
~ Gis) = Hop et 
G(s)=Houp, —-————- 82+ 8(ap/Q) + 05 
82+ S(g/Q)+ wo fay 
Honp=gain of the HP output for jak Hoap= gain of the allpass output for0<f< a 
4. Notch function: available at pins 3 (18) for several For allpass functions, the center frequency and the Q of 
modes of operation. the numerator complex zero pair is the same as the 
(52+ wh) denominator. Under these conditions, the magnitude re- 
G(s)= (Hon) —> 5 sponse is a straight line. In mode 5, the center frequency 
S° + S(wolQ) + w+ f,, of the numerator complex zero pair, is different than fo. 
i fi For high numerator Q’s, the magnitude response will have 
Hono = gain of the notch output for eS - Aich at f. 9 P 


Hon = gain of the notch output for f--0 


fn = wal2a; fy is the frequency of the notch occur: 
rence. 


HIGHPASS OUTPUT 


BANDPASS OUTPUT LOWPASS OUTPUT 


GAIN(W/V) 
GAIN(V/V} 
(GAINV/V) 


fo fo fy tp fc fo fp 


{(LOG SCALE) 4(LOG SCALE) f(LOG SCALE) 

tl ig Sere eae RET ER fas , Te ay| 
fa-t : 202 202 c= tox (oa Bi ('-s0) t 

py 1 - 

tee (OP) weird ax fy] 
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Table 3. Modes of Operation: ist Order Functions 
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Table 4. Modes of Operation: 2nd Order Functions 


x 
100(60) R5+R6 


100(50) 
fox 
100(50) 
fouk 
70060) * 
fou yy yy 2 
100(50) R4 
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fo= 100450) :ty=to Hovp= — Be: Hopp= — BF Homi= - Bt O= fp tom aettny' O= -B3  Hopey= —-f3-:Hogea= {KNONINVERTING) Ho.p= — 1 
Figure 4. Mode 1: 2nd Order Filter Providing Notch, Bandpass, Figure 5. Mode 1a: 2nd Order Filter Providing Bandpass, Lowpass 
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R6 RS 


¥LTC1060 
=o a [15] YeLTC1060 
ne 
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to=-yoo(6oy \ FB-+ RG: "90: O— RR mB fo=sageoy VRS the: =! ORT * Be eRe 


—0)= — fuk) 2 R20 3. y= = R/RI_. 
Howitt 0}=Hone( 2) =~ arHose=— ay Hove 7-eR6/(R5 +B) * P< Oke 


—0)= _/¢ux) 2 _ R2. =. Re/Rt_. _ 83. 
Honi(f-+ 0) =Hona ( 1 ) = — pt Houe=Re7(R5 + Re): opps — Ay: RS < Ske 


Figure 6. Mode 1b: 2nd Order Filter Providing Notch, Bandpass, Figure 7. Mode 1c: 2nd Order Filter Providing Notch, Bandpass, 
Lowpass Lowpass 


¥%LTC1060 , A %LTC1080 
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Hopp=—R3/R1; Honsll—=0)= +> figiis : Hone (4) = ~RO/RI Howilt—+0) = ~f {3 LR | ‘Howe ('='$8) = -R2/RI 


aes : paperanian 51; \ 
Hopp= ~R3/R1; Hovp= +5 (R274) + [R6/{RS + RO] 


Figure 8. Mode 2: 2nd Order Filter Providing Notch, Bandpass, Figure 9. Mode 2a: 2nd Order Filter Providing Notch, Bandpass, 
Lowpass Lowpass 
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¥eLTC1060 
YeLTC1060 
ie 
fox _lOuK., [RZ + RO, 10K [A g_f3, (RZ, AG ve 
700(50)VR4R5+R6'” 100(50)VR5+R6' R2VR4  A5+RG to= fou R983 FD voyp= —R2/R; Nogp= —R3/R1; Hove = —RA/RI 
Honi(f—+0) = —R2 RGMRS+R6) | - Hono (1 SX) = —Ravet a 
oni Ri |(R27R4) + (RO/(RS+Re)]| ” "ON? ' 2 


eae oe =R2/RI1 
Hope =~ R3/R1; Hovp= TRo7RA) + [RG/ (RS + AO) 


Figure 10, Mode 2b: 2nd Order Filter Providing Notch, Bandpass, Figure 11. Mode 3: 2nd Order Filter Providing Highpass, 
Lowpass Bandpass, Lowpass 
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Figure 12. Mode 3a: 2nd Order Filter Providing Highpass, 
Bandpass, Lowpass, Notch 
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"om saaety: 0 Rai Mowe Setar thers EE foLK — /R2. 9R3, [RZ RS Re R3 R4 
fo= Boy Ra Q=55 Aa NoaP= 5p: Houp= — Rp: Hopp= — Ry: Howe= ~ ay 


Figure 13, Mode 4: 2nd Order Filter Providing Allpass, Bandpass, Figure 14. Mode 4a: 2nd Order Filter Providing Highpass, 
Lowpass Bandpass, Lowpass, Allpass 
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Figure 15, Mode 5: 2nd Order Filter Providing Numerator Complex Figure 16. Mode 6a: ist Order Filter Providing Highpass, Lowpass 
Zeros, Bandpass, Lowpass 
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YeLTC1060 
forx R2 
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Figure 17. Mode Gb: 1st Order Filter Providing Lowpass 
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Figure 18, Mode 7: 1st Order Filter Providing Allpass, Lowpass 


COMMENTS ON THE MODES OF OPERATION 


There are basically three modes of operation: mode 1, 
mode 2, mode 3. In the mode 1, Figure 4, the input amplifi- 
er is outside the resonant loop. Because of this, mode 1 
and its derivatives (mode 1a, 1b, 1c) are faster than modes 
2 and 3. In mode 1, for instance, the Q errors are becoming 
noticeable above 1MHz clock frequency. 


Mode 1a, (Figure 5), represents the most simple hook-up of 
the LTC;1060. Mode 1a is useful when voltage gain at the 
bandpass output is required. The bandpass voltage gain, 
however, is equal to the value of Q; if this is acceptable, a 
second order, clock tunable, BP resonator can be 
achieved with only 2 resistors. The filter center frequency 
directly depends on the external clock frequency. For high 
order filters, mode 1a is not practical since it may require 
several clock frequencies to tune the overall filter 
response. 


Mode 1, Figure 4, provides a clock tunable notch; the 
depth is shown in graph 14. Mode 1 is a practical con- 
figuration for second order clock tunable bandpass/notch 
filters. In mode 1, a bandpass output with a very high Q, to- 
gether with unity gain, can be obtained without creating 
problems with the dynamics of the remaining notch and 
lowpass outputs. 


Modes 1b and tc, Figures 6,7 are similar. They both pro- 
duce a notch with a frequency which is always equal to 
the filter building block center frequency. The notch and 
the center frequency, however, can be adjusted with an ex- 
ternal resistor ratio. 


The practical clock to center frequency ratio range is: 


500, foLk 100 /,50 mode 1b 
1 fo 1 1 


YOO p50 pfouk, 100 oy 50. ; Mode 1c 
1 1 f v2 
The input impedance of the S1 pin is clock dependent, and 
in general R5 should not be larger than 5k. Mode 1b can be 
used to increase the clock to center frequency ratio be- 
yond 100:1. For this mode, a practical limit for the (fori/fo) 
ratio is 500:1. Beyond this, the filter will exhibit large out- 
put offsets. Mode 1c is the fastest mode of operation: In 
the 50:1 mode and with (R5 = 0, R6 = ~) the clock to center 
frequency ratio becomes (50/V2) and center frequencies 
beyond 20kHz can easily be achieved as shown in graph 
25. Figure 19, illustrates how to cascade the two sections 
of the LTC1060 connected in mode 1c to obtain a sharp 
fourth order, 1dB ripple, BP Chebyshev filter. Note that the 
center frequency to the BW ratio for this fourth order 
bandpass filter is 20/1. By varying the clock frequency to 
sweep the filter, the center frequency of the overall filter 
will increase proportionally and, so will the BW to main- 
tain the 20:1 ratio constant. All the modes of operation 
yield constant Q’s; with any filter realization the BW’s will 
vary when the filter is swept. This is shown in Figure 19, 
where the BP filter is swept from 1kHz to 20kHz center 
frequency. 
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Modes 2, 2a, and 2b have a notch output which frequency, 
fn, can be tuned independently from the center frequency, 
fo. For all cases, however, f,<fo. These modes are useful 
when cascading second order functions to create an over- 


TL OR CMOS CLK IN 


PRECISE RESISTOR VALUES 
R11 = 149.21k R12=45.14k 
R21=4.99k R22 =5.001k 
R31 = 149. 12k R32 = 142.64k 
R54 =2.55k RS =2.48k 


R61 =2.49k R62 =4.29k 


all elliptic highpass, bandpass or notch response. The in- 
put amplifier and its feedback resistors (R2/R4) are now 
part of the resonant loop. Because of this, mode 2 and its 
derivatives are slower than mode 1’s. 


N 


SOH2 ‘ck = 40kH 


0.9kHz 1kHz 1. 4kHZ 


OdB 


1kH27—4 
= fork =800kHz 
sdB HE ttt CLK= 


—100B 


—15dB H He 


— 2008 
—250B i + 
Ht eee 


18kHz 19kHz 20kH2 21kHz 22kHz 


Figure 19. Cascading the 2 sections of the LTC1060 connected in mode 1c to obtain a clock tunable 4th order 
1dB ripple bandpass Chebyshev filter with (center frequency) / (Ripple Bw) = 20/1. 


In mode 3, Figure 11, a single resistor ratio (R2/R4) can 
tune the center frequency below or above the foiK/100 (or 
fci/50) ratio. Mode 3 is a state variable configuration 
since it provides a highpass, bandpass, lowpass output 
through progressive integration; notches are obtained by 
summing the highpass and lowpass outputs (mode 3a, 
Figure 12). The notch frequency can be tuned below or 
above the center frequency through the resistor ratio (Rp/ 
Rj). Because of this, modes 3 and 3a are the most versatile 
and useful modes for cascading second order sections to 
obtain high order elliptic filters. Figure 20, shows the 2 
sections of an LTC1060 connected in mode 3a to obtain a 
clock tunable 4th order sharp elliptic bandpass filter. The 
first notch is created by summing directly the HP and LP 
outputs of the first section into the inverting input of the 
second section op amp. The individual Q’s are 29.6 and the 
filter maintains its shape and performance up to 20kHz 
center frequency, Figure 21. For this circuit an external op 
amp is required to obtain the 2nd notch. The dynamics of 


Figure 20 are excellent because the amplitude response at 
each output pin does not exceed OdB. The gain in the 
passband depends on the ratio of (Rg/Rna) x (R22/Rn1) x 
(R21/R11). Any gain value can be obtained by acting on the 
(Rg/Rha) ratio of the external op amp, meanwhile the 
remaining ratios are adjusted for optimum dynamics of 
the LTC1060 output nodes. The external op amp of Figure 
20 is not always required. In Figure 22, one section of the 
LTC1060 in mode 3a is cascaded with the other section in 
mode 2b to obtain a 4th order, 1B ripple, elliptic bandre- 
ject filter. This configuration is interesting because a 4th 
order function with two different notches is realized with- 
out requiring an external op amp. The clock to center fre- 
quency ratio is adjusted to 200:1; this is done in order to 
better approximate a linear R,C notch filter. The amplitude 
response of the filter is shown in Figure 23 with up to 
1MHz clock frequency. The 0dB bandwidth to the stop 
bandwidth ratio is 9/1. When the filter is centered at 1kHz, 
it should theoretically have a 44dB rejection with a 50Hz 
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stop bandwidth. For a more narrow filter than the above, 
the unused BP output of the mode 2b section, Figure 22, 
has a gain exceeding unity which limits the dynamic range 
of the overall filter. For very selective bandpass/bandre- 


ject filters, the mode 3a approach as in Figure 20, yields 
better dynamic range since the external op amp helps to 
optimize the dynamics of the output nodes of the 
LTC 1060. 


Rni Rg 
Ri 
Rig 
LTC1060 - 
Rat 1 20 J _,Ré2 EXTERNAL Vout 
Hed F 19 R82 une AMP 
R21 R22 
3 18 Am |= 
Ri 4 7 
Vin 
5 16 
= 6 15 = 
~7.5V 
V+=7.5V l He _75y 
8 13 
= 12 7.5 
= 10 11 
T2L OR CMOS 
CLOCK IN 
RESISTOR VALUES 


R11 =155.99k R21=5k 
Ryj=13.2k Ry = 10. 74k 
R42 =5k Rip=6.11k 


R31 = 152k R41 =5.27k 
R22 =5.26k R32=151.8k 
Rn2=5k Rg=37.3k 


NOTE: FOR CLOCK FREQUENCIES ABOVE 700kHz A 12pF CAPACITOR ACROSS R41 AND A 20pF 
CAPACITOR ACROSS R42 WERE USED TO PREVENT THE PASSBAND RIPPLE FROM ANY 


ADDITIONAL PEAKING. 


Figure 20. Combining mode 3 with mode 3a to make the 4th order BP filter of Figure 21 with improved 
dynamics. The gain at each output node is <OdB for all input frequencies. 


0dB 


~— 1008 


—200B 


—30dB 


—400B 


1.5kHz 1.75kHz 2kHz 2.25kHz 2.5kHz 


OdB 


— 1008 


~ 2008 


—300B 


—400B 
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Figure 21. The BP filter of Figure 20, when swept from a 2kHz to 20kHz center frequency. 
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Vin 
Vour 


TL OR CMOS 
CLOCK IN 


RESISTOR VALUES 


R11 =60k R21 =5k R31 =54,75k 
R41 =28.84k Ry =5K Riy=19.3k 
R62=1.59k  R22=60k 


52 = 5k 
R32=455.75k R42=503.85k 


Figure 22. Combining mode 3 with mode 2b to create a 4th order 
BR elliptic filter with 14B ripple and a ratio of 0dB to stop 
bandwidth equal to 9/1. 


Vour/Vin (0B) 


fou = 200 Noiks MHz 
fo 1 


-40 


0.7 0.8 0.9 fp=1.0 11 1.2 1.3 
INPUT FREQUENCY NORMALIZED TO FILTER CENTER FREQUENCY 


Figure 23. Amplitude Response of the notch filter of Figure 22. 


LTC1060 OFFSETS 


Switched capacitor integrators generally exhibit higher 
input offsets than discrete R,C integrators. 


These offsets are mainly due to the charge injection of the 
CMOS switches into the integrating capacitors and they 
are temperature independent. The internal op amp offsets 
also add to the overall offset budget and they are typically 
acouple of millivolts. 


Because of this, the DC output offsets of switched capac- 
itor filters are usually higher than the offsets of discrete 
active filters. 


Figure 24 shows half of an LTC 1060 filter building block 
with its equivalent input offsets Vosi, Vosa, Voss. All three 
are 100% tested for both sides of the LTC1060. Voso is 
generally the larger offset. When the Sq, pin 6, of the 
LTC 1060 is shorted to the negative supply (i.e., mode 3), 
the value of the Voso decreases. Additionally, with Sajp 
low, a 20%-30% noise reduction is observed. Mode 1 can 
still be achieved, if desired, by shorting the $1 pin to the 
lowpass output, Figure 25. 
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(18) (16) (19) (20) 


¢d o 
a ¥eLTC1060 


Figure 24. Equivalent Input Offsets of 1/2 LTC 1060 Filter Building Figure 25. Mode 1(LN): Same Operation as Mode 1 but Lower 
Block Vosp Offset and Lower Noise 


Output Offsets especially when the filter handles input signals with large 
dynamic range. As a rule of thumb, the output DC offsets 
The DC offset at the filter bandpass output is alwaysequal — increase when: 


to Vos3. The DC offsets at the remaining two outputs 1. The Q’s decrease 
(Notch and LP) depend on the mode of operation and ex- 2. The ratio (foLk/fo} increases beyond 100:1. This is 
ternal resistor ratios. Table 5 illustrates this. done by decreasing either the (R2/R4) or the R6/ 


It is important to know the value of the DC output offsets, (Boa Fahresistonralics, 


Table 5 
7 —— hv 1 
Vosn Vosep Voste 
Mode Pin 3 (18) Pin 2 (19) Pin 1 (20) 
1,4 Vogi[(t/Q) + 1 + IH, pl] - Vog3/Q Vos3 Vosn - Vos2 
| 0 hk 
la Vogq[1 + (1/Q)] - Vogg/Q Voss Vosn — Vos2 
tb Vogi{(t/Q}-+ 1 + R21} — Vggg/Q Voss ~(Vogy - Voge) (1 + R5/R6) 
t¢ =] Vogj{(1/Q} + 1+ R2IR1}— Vg! | Voss «Veen Youd (R5+R6) 
O8N NOS (RS + 2R6) 
2,5 [Vogi(t + R2/Rt + R2R3+ R2RA) ~ Vosa(R2/R3)] x Voss Vosn~ Vos2 
X[R4(R2 + R4)] + Vogo[R2(R2 + R4)} 
2a {Vogi(1 + RAR1 + R2IR3 + R2IRA) ~ Vogq(R2/RQ)] x Vosg (R5 + Ré) 
~(Vogn -V 
x [Pate ) yy Re] Re Ween Voss ang) 
R2+RA(1 +k) R2+R4(1+Kk)} R5+R6 
2b [Vogi(t + R21 + R2IR3 + R2RA) — Vogy (R23) x 
R4k R2 7. Rb Voss ~(Vogy — Vosa)(1 + R5/R6) 
x + Vose ————_]| k= ——_ 
R2+R4k R2+ Rak R5 + RG 


3, 4a Voge Ves Vee s Ra RA =| oe €) 
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PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
20 Lead CERDIP 
ca 1.060 
(26.924) 
MAX 


0.220—0.310 0.025 
(5.588— 7.874) (0.635) 


0.160 
0.290 — 0,320 (4.064) 
0.200820 GLASS 
(7.366 —8.128) | SASS ar MAX 
0.015-0.000 4 


(0.381 — 1.524) 


Y y 

a°-18° A 

¥ 
0.008—0.018 | [pees 0.080 0.038 —0.068 0.100 +0.010 
(2. (0.965 — 1.727) (2.540 + 0.254) 


(0.203 — 0.457) 0.125 2.032) 
(3.175) MAX 
0.385 + 0.025 0.014—0.026 
(9.779 + 0.635) (0.356 — 0.660) aaoiee 
TyMaX 8A 
150°C 70°CW 
N Package 
20 Lead Molded DIP 
1.040 
(26.416) 
MAX 
0.250 + 0.010 
(6.350 + 0.254) 
0.130 +0.005 — 
0.300-0.320 (3.302 = 0.127) (1.651) 
(7.620 8.128} 0.020 y 


= I 0,009 0.015 0,045 — 0,065 | les 
(0.229 —0.381) z (1.143 ~ 1.651) 0,100 +.0.010 
; Se (2.540 40,254) 
+0,025 
~ 9.325 _ 9 015 0,0650.015 | 0.018 +0,003 
+0.605 (1.651 0.381) (0.457 + 0.076) N20188 
(6.255 * 33:) 


TJMAX | JA 
100°C 100°CW 
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TECHNOLOGY 


FEATURES 


= Operates from + 2.5V supply up to + 8V 

= Operates up to 30kHz 

= Low Power and 88dB Dynamic Range at + 2.5V Supply 

= Center Frequency Q Product up to 1.6MHz 

= Guaranteed Offset Voltages 

® Guaranteed Clock to Center Frequency Accuracy over 
Temperature, 0.8% or Better 

® Guaranteed Q Accuracy over Temperature 

= Low Temperature Coefficient of Q and Center 
Frequency 

= Low Crosstalk, 70dB 

® Clock Inputs TTL and CMOS Compatible 


APPLICATIONS 


® Single 5V Supply Medium Frequency Filters 

® Very High Q and High Dynamic Range Bandpass, 
Notch Filters 

@ Tracking Filters 

® Telecom Filters 


Universal Dual Filter 
Building Block 


DESCRIPTION 


The LTC1060 consists of two high performance, switched 
capacitor filters. Each filter, together with 2 to 5 resistors, 
can produce various 2nd order filter functions such as fow- 
pass, bandpass, highpass notch and allpass. The center 
frequency of these functions can be tuned by an external 
clock, or by an external clock and resistor ratio. Up to 4th 
order full biquadratic functions can be achieved by cas- 
cading the two filter blocks. Any of the classical filter con- 
figurations (like Butterworth, Chebyshev, Bessel, Cauer) 
can be formed. 


The LTC1060 operates with either a single or dual supply 
from +2.37V to +8V. When used with low supply (i.e., 
single 5V supply), the filter typically consumes 12mW and 
can operate with center frequencies up to 10kHz. With 
+ 5V supply, the frequency range extends to 30kHz and 
very high Q values can also be obtained. 


The LTCt060 is manufactured by using Linear Tech- 
nology’s enhanced LTCMOS™ silicon gate process. Be- 
cause of this, low offsets, high dynamic range, high center 
frequency Q product and excellent temperature stability 
are obtained. 


LTCMOS™ jg a trademark of Linear Technology Corp. 


Single 5V, Gain of 1000 4th Order Bandpass Filter 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage ........ccccceeeeeee ese eeee ener ene ees 18V 

Operating Temperature Range........ - 40°C <T,<85°C Pe Seen 
Storage Temperature Range............. - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.).............. 300°C LTC1060$ 


LTC1060 


PART MARKING 
LTC1060S 


$20 PACKAGE 
PLASTIC SOL 


Mode 1, 50:1, fo., = 250kHz, Q= 10 
Mode 1, 100:1, fork = 500kHz, Q= 10 


Clock to Center Frequency Ratio 
(Note 1) 


Q Accuracy (Note 1) 


Mode 1, forx <500kHz 


fy Temperature Coefficient 
Mode 1, fork <500kHz, Q= 10 


Q Temperature Coefficient ppmi°C 


DC Offset Vog; (Note 2) 1 mV 
Vose fouk = 250kHz, 50:1, Sag High 3 40 mV 

Voge fo.k = 500KHz, 100:1, Sag High 6 80 mV 

Vos2 fork = 250kKH7, 50:1, Sarg Low 2 30 mV 

Vos2 fork = 500kHz, 100:1, Sap Low 4 60 mV 

Vos3 fork = 250kKHz, 50:1, Sag Low 2 30 mV 

Voss fouk= 500kHz, 100:1, Sag Low 4 60 mV 

DC Low Pass Gain Accuracy Mode 1, R1 = R2=50k 2 % 
BP Gain Accuracy at f, Mode 1, Q= 10, fp = 5kHz % 
Clock Feedthrough forks MHz mV(p-p) 
Max. Clock Frequency MHz 
Power Supply Current mA 
mA 

Crosstalk dB 


Note 1: An LTC1060S with improved Q and clock to center frequency ratio 
accuracy can be made available upon special request. 

Note 2: For definition of the DC offset voltages refer to the LTC 1060 data 
sheet. An LTC1060S with improved DC offset specifications can be made 
available upon special request. 
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ELECTRICAL CHARACTERISTICS (Complete Filter V5 = +2.37V, Ta = 25°C 


MIN TyP MAX 


PARAMETER CONDITIONS UNITS 


Center Frequency Range fy x Qs 100kHz 0.1-10k Hz 
Clock to Center Frequency Ratio Mode 1, 50:1, fork = 250kHz, Q = 10 50 + 0.8% 
Mode 1, 100:1, fo.x = 250kHz, Q= 10 100+ 0.8% 


Q Accuracy 
Mode 1, fy = 2.5kHz, Q= 10 % 


50:1 and 100:1 


Max Clock Frequency kHz 


Power Supply Current 


PARAMETER MIN TYP MAX | UNITS 
Supply Voltage Range +237 +8 V 
Voltage Swings Vg = + 5V, R, = 5k (Pins 1, 2, 19, 20) +38 +4 Vv 
R, =3.5k (Pins 3, 18) +36 +4 V 
Output Short Circuit Current 5V 
Source 25 mA 
Sink 3 mA 
Op Amp GBW Product Vg= +5V 2 MHz 
Op Amp Slew Rate Vg= +5V 7 Vins 
Op Amp DC Open Loop Gain R, = 10k, Vs= + 5V 85 dB 
The @ denotes the specifications which apply over the full operating tem- 
perature range. 
BLOCK DIAGRAM 


Olo 
LEVEL NON-OVERLAP 
SHIFT CLOCK 
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TECHNOLOGY 


FEATURES 


# Upto 6th Order Filter Functions with a Single 20 Pin 
0.3" Wide Package 

= Center Frequency Range up to 35kHz 

@ f)xQ Product Up to 1 MHz 

= Guaranteed Center Frequency and Q Accuracy Over 
Temperature 

= Guaranteed Low Offset Voltages Over Temperature 

= 90dB Signal to Noise Ratio 

= Filter Operates From Single 4.7V Supply and Up to 
+8V Supplies 

= Guaranteed Filter Specifications with + 5V Supply and 
+2.37V Supply 

= Low Power Consumption with Single 5V Supply 

= Clock Inputs T@L and CMOS Compatible 


APPLICATIONS 


= High Order, Wide Frequency Range Bandpass, 
Lowpass, Notch Filters 

= Low Power Consumption, Single 5V Supply Clock 
Tunable Filters 

= Tracking Filters 

® Antialiasing Filters 


LTomos™ is a trademark of Linear Technology Corp. 


High Performance Triple 
Universal Filter Building Block 


DESCRIPTION 


The LTC1061 consists of three high performance, univer: 
sal filter building blocks. Each filter building block to- 
gether with an external clock and 2 to 5 resistors can pro- 
duce various second order functions which are available 
at its three output pins. Two out of three always provide 
lowpass and bandpass functions while the third output 
pin can produce highpass or notch or allpass. The center 
frequency of these functions can be tuned with an ex- 
ternal clock or an external clock and a resistor ratio. For 
Q<5, the center frequency ranges from 0.1Hz to 35kHz. 
For Q’s of 10 or above, the center frequency ranges from 
0.1Hz to 28kHz. 


The LTC1061 can be used with single or dual supplies 
ranging from +2.37V to +8V (or 4.74V to 16V). When the 
filter operates with supplies of + 5V and above, it can han- 
dle input frequencies up to 100kHz. 


The LTC1061 is compatible with the LTC1059 single uni- 
versal filter and the LTC1060 dual. Higher than 6th order 
functions can be obtained by cascading the LTC1061 with 
the LTC1059 or LTC1060. Any classical filter realization 
can be obtained. 


The LTC1061 is manufactured by using Linear Technol- 
ogy’s enhanced LTCMOS™ silicon gate process. 


TYPICAL APPLICATION 


6th Order, Clock Tunable, 0.5dB Ripple Chebyshev BP Filter 


Amplitude Response 


2kHz 


FILTER GAIN (dB) 
& 
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LTC1061 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage..........cccccssseeeseeseteesaeenees 18V 
Power Dissipation...........ccccsseseseseeevees 500mW — CADE ELNUMEEN 
Operating Temperature Range 

LTC1061AC, LTC1061C............ ~ 40°C <T,s85°C 

LTC1061AM, LTC1061M........... - 55°C <Tas 125°C LTC1061AMJ, LTC1061MJ 
Storage Temperature Range............ - 65°C to 150°C toi: PLL Ste | LTC1061ACU, LTC1061CJ 
Lead Temperature (Soldering, 10sec).............. 300°C LTC1061ACN, LTC1061CN 


(ALSO AVAILABLE IN 
SO PACKAGE) 


J20 PACKAGE N20 PACKAGE 
HERMETIC PLASTIC 


ELECTRICAL CHARACTERISTICS 


(Complete Filter) Vs = + 5V, Ta = 25°C, TL clock input level, unless otherwise specified 


PARAMETER 


Center Frequency Range, f, fy X Qs 175kHz, Mode 1, Vg = + 7.5V 


foXQ<1.6MHz, Mode 1, Vg= + 7.5V Hz 
fo X Q<75kHz, Mode 3, Vg= + 7.5V Hz 
fo X Q< 1MHz, Mode 3, Vo= + 7.5V Hz 


(Note 1) 


Input Frequency Range 


Clock to Center Frequency Ratio, 
fouxlf 


LTC1061A Sides A, B: Mode 1, Ri = R3=50k0 50+ 0.6% 
LT¢1061 R2=5k0, Q= 10, fix = 250kHz 50+ 1.2% 
Pin7 High. 
Side C: Mode 3, Ri = R3= 50k 
R2=R4=5k, foi = 250kKHz 
LTC1061A Same as Above, Pin 7 at 1002 0.6% 


LTC1061 Mid-Supplies, fo.« = 500kHz 1004 1.2% 


Clock to Center Frequency Ratio, 
Side to Side Matching 
LTC1061 


QAccuracy 
LTC1061A Sides A, B, Mode 1 % 
LTC1061 Side C, Mode 3 % 


fox Qs 50kHz, fy <5kHz 
Mode 1, 50:1, fork <300kHz 

Mode 4, 100:1, fox < 500kHz 

Mode 3, fo.x<500KHz 
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fy Temperature Coefficient 
Q Temperature Coefficient 


LTCI061 


ELECTRICAL CHARACTERISTICS 


(Complete Filter) Vs = + 5V, Tq = 25°C, T2L clock input level, unless otherwise specified 


ee ee ee —_ . 
PARAMETER CONDITIONS MIN TYP MAX UNITS 
DC Offset Voltage 
Vos1, Figure 23 e 2 15 mV 
Vosz fork = 250kHz, 50:1 e 3 30 mV 
Vose forx = 500kHz, 100:1 e 6 60 mV 
Vos3 fork = 250kHz, 50:1 e 3 20 mV 
Voss foux = 500kHz, 100:1 e 6 40 mV 
Clock Feedthrough fou <1MHz zi 0.4 mVpus 
Max. Clock Frequency Mode 1, Q<5, Vg2 +5V 25 MHz 
Power Supply Current 6 8 11 mA 
Paix 15 mA 
Ele CTRICAL CHA RACTE RISTICS (Complete Filter) Vs = + 2.37V, Ta = 25°C unless otherwise specified 
——_ 
PARAMETER CONDITIONS MIN TYP MAX UNITS 
Center Frequency Range, f, fox Qs 120kHz, Mode 1, 50:1 0.1-12k Hz 
fox Qs 120KHz, Mode 3, 50:1 th 0.1-10k Hz 
Input Frequency Range 0-20k Hz 
Clock to Center Frequency Ratio 50:1, fork = 250kHz, Q = 10 
LTC1061A Sides A, B: Mode 1 e 50+ 0.6% 
LTC 1061 Side C: Mode3 5021% 
LTC1061A 100: 1, fork = 250kHz, Q= 10 100+ 0.6% 
LTC1061 Sides A, B: Mode 1 100+ 1% 
Side C: Mode 3 
Q Accuracy | 
LTC1061A Same as Above +2 
LTC1064 +3 
Max. Clock Frequency | 700k Hz 
Power Supply Current ail 45 6 ae mA 
ELECTRICAL CHARACTE RISTICS (Internal Op Amps) Ta = 25°C unless otherwise specified 
PARAMETER CONDITIONS MIN TYP MAX UNITS 
Supply Voltage Range £2.37 +9 feo Vv 
Voltage Swings 
LTC1061A Vg = + 5V, Ry = 5k (Pins 1, 2, 13, 14, 19, 20) +4 £42 V 
LTC1061 R, =3.5k (Pins 3, 12, 18) +38 +42 v 
LTC1061, LTC1061A e +36 v 
Output Short Circuit Current 
Source/Sink Mie! Vg= +5V 40/3 mA 
D6 Open Loop Gain Ve 250, R25  »- | « 
GBW Product Vg= +5V | 3 MHz 
Slew Rate Vg= +5V 7 Vins 
ae a | 
The @ denotes the specifications which apply over the full operating temperature range. 
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BLOCK DIAGRAM 


TO FILTER A 


CLK w CLOCK 
(8) SHIFT GENERATOR 


TO FILTER B 


CLOCK 
GENERATOR 


TO FILTER C 


CLOCK 
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a 
LEVEL SHIFT 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Graph 3. Mode 3: Deviation of 
Graph 1. Mode 1, Mode 3 Graph 2. Mode 1, Mode 3 (ferkifo) with Respect to Q = 10 
(feik/fo) Deviation vs Q (fer k/fo) Deviation vs Q Measurement 


WITH RESPECT TO 


foux 
fo 


% DEVIATION (Feyx/to) 
% DEVIATION (Fc. x/tg) 


DEVIATION OF 


IDEAL Q IDEAL Q 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Graph 4. Mode 1: (foik/fg) = 50:1 Graph 5. Mode 1: (fcix/fo) = 100:1 Graph 6. Mode 3: (foik/fo) = 50:1 


= 


DEVIATION FROM IDEAL Q (%) 
DEVIATION FROM IDEAL Q (% 


DEVIATION FROM IDEAL Q (% 


0 
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Graph 9. Power Supply Current vs 
Graph 7. Mode 3: (foxifo) = 100:1 Graph 8. fcikifo VS fo Supply Voltage 


Isuppry (mA) 


DEVIATION FROM IDEAL Q (%) 


ERROR FROM IDEAL {ci \/fo (%) 
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2 
wa 
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PIN DESCRIPTION AND APPLICATION HINTS 


Power Supplies (Pins 10, 15) For single 5V supply operation the level shift pin should be 
: : : tied to Pin 15 which will be the system ground. The typical 
They should be bypassed with 0.1uF disc ceramic. Low Iogic threshold levels of the clock pin are as follows: 1.65V 
noise, non-switching, power supplies are recommended. — above the level shift pin for +5V supply operation, 1.75V 
The device operates with a single SV supply, Figure 1, and for +7.5V and above, and 1.4V for single 5V supply opera- 
with dual supplies. The absolute maximum operating tion, The logic threshold levels vary + 100mV over the full 
power supply voltage is + 9V. military temperature range. The recommended duty cycle 
Clock and Level Shift (Pins 8, 9) of the input clock is 50% although for clock frequencies 
below 500kHz the clock “on” time can be as low as 300ns. 
When the LTC1061 operates with symmetrical dual sup- © The maximum clock frequency for +5V supplies and 
plies the level shift Pin 9 should be tied to analog ground. above is 2.4MHz. 
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PIN DESCRIPTION AND APPLICATION HINTS 


Sit, Sip (Pins 5, 16) 


These are voltage input pins. If used, they should be driven 
with a source impedance below 5k0. When they are not 
used, they should be tied to the analog ground Pin 6. 


AGND (Pin 6) 


When the LTC1061 operates with dual supplies, Pin 6 
should be tied to system ground. When the LTC1061 oper- 
ates with a single positive supply, the analog ground pin 
should be tied to 1/2 supply, Figure 1. The positive input of 
all the internal op amps, as well as the common reference 
of all the internal switches, are internally tied to the ana- 
log ground pin. Because of this, a “clean” ground is 
recommended. 


50/100/Hold (Pin 7) 


By tying Pin 7 to V+, the filter operates with a clock to cen 
ter frequency internally set at 50:1. When Pin 7 is at mid- 
supplies, the filter operates with a 100:1 clock to center 
frequency ratio. Table 1 shows the allowable variation of 
the potential at Pin 7 when the 100:1 mode is sought. 


TL CLOCK 


fox <1MHz 


When Pin 7 is shorted to the negative supply pin, the filter 
operation is stopped and the bandpass and lowpass out- 
put act as a sample and hold circuit holding the last sam- 
ple of the input voltage. The hold step is around 2mV and 
the droop rate is 150,V/sec. 


Table 1 


Voltage Range of Pin? 


Total Power Supply for 100:1 Operation 
5V 2.5V +0.5V 
5V+1V 
7.5V + 1.5V 


Clock Feedthrough 


This is defined as the amplitude of the clock frequency ap- 
pearing at the output pins of the device, Figure 2. Clock 
feedthrough is measured with all three sides of the 
LTC1061 connected as filters. The clock feedthrough 
mainly depends on the magnitude of the power supplies 
and it is independent from the input clock levels, clock fre- 
quency and modes of operation. 


Figure 1. The 6th order LP Butterworth Filter of Figure 5 
Operating with a Single 5V Supply. 
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eS 
PIN DESCRIPTION AND APPLICATION HINTS 


Table 2 illustrates the typical clock feedthrough numbers 
for various power supplies. 


A=2V/DIV 


B=10mV/DIV | -eeeeee ed 


HORIZONTAL = 10ys/DIV 


Figure 2. Typical Clock Feedthrough of the LTC 1061 
Operating with + 5V Supplies. Top Trace is the Input Clock 
Swinging 0-5V and Bottom Trace is One of the Lowpass 
Outputs with Zero or DC Input Signals. 


Table 2 
Power Supply Clock Feedthrough 
+2.5V 0.2mVans 
+5V 0.4mVeus 
+8V 0.8MVeys 


Definition of Filter Functions 
Refer to LTC 1060 datasheet. 
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MODES OF OPERATION 


Description and Applications 


1. Primary Modes: There are two basic modes of operation, 
Mode 1 and Mode 3. In Mode 1, the ratio of the external 
clock frequency to the center frequency of each 2nd order 
section is internally fixed at 50:1 or 100:1. In Mode 3, this 
ratio can be adjusted above or below 50:1 or 100:1. The 
side C of the LTC1061 can be connected only in Mode 3. 
Figure 3 illustrates Mode 1 providing 2nd order notch, low- 
pass, and bandpass outputs (for definition of filter func- 


f 
fo inacal + fn=fo: HoLp= - ft, Hopp = — 


B Reg R3 


= {00(50) ’ Ri Hom=— Rt O= Ro 


Figure 3. Mode 4: 2nd Order Filter Providing Notch, Bandpass, 
Lowpass. 
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tions refer to the LTC1060 datasheet). Mode 1 can be used 
to make high order Butterworth lowpass filters; it can also 
be used to make low Q notches and for cascading 2nd 
order bandpass functions tuned at the same center fre- 
quency and with unity gain. Mode 3, Figure 4, is the classi- 
cal state variable configuration providing highpass, 
bandpass and lowpass second order filter functions. 


1/3 LTC1061 


Agno NOTE: ADD Cc FOR O>5 
Ld AND fo.x> 1MHz SUCH AS 
a Co=0.16/(R4 x 1.2MHz) 


fouk  /R2.9_R3, /R2. “ : ss : i 
wwerso) \ Ra O= BD ‘Be: HoHp= —R2/R1; Hope= —R3/R1; Hovp= —R4/Rt 


igs 


Figure 4. Mode 3: 2nd Order Filter Providing Highpass, 
Bandpass, Lowpass. 
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MODES OF OPERATION 


Since the input amplifier is within the resonant loop, its 
phase shift affects the high frequency operation of the fil- 
ter and therefore, Mode 3 is slower than Mode 1. Mode 3 
can be used to make high order all-pole bandpass, low- 
pass, highpass and notch filters. Mode 3 as well as Mode 1 
is a straightforward mode to use and the filter’s dynamics 
can easily be optimized. Figure § illustrates a 6th order 
lowpass Butterworth filter operating with up to 40kHz cut- 
off frequency and with up to 200kHz input frequency. 
Sides A, B are connected in Mode 1 while side C is con- 
nected in Mode 3. The lower Q section was placed in side 
C, Mode 3, to eliminate any early Q enhancement. This 
could happen when the clock approaches 2MHz. The mea- 
Sured frequency response is shown in Figure 6. The at- 
tenuation floor is limited by the crosstalk between the 
three different sections operating with a clock frequency 
above 1MHz. The measured wideband noise was 
150uVams. For limited temperature range the filter of 
Figure 5 works up to 2.5MHz clock frequency thus yielding 
a 50kHz cutoff. 


2. Secondary Modes: Mode 1b—-It is derived from Mode 1. 
in Mode 1b, Figure 7, two additional resistors, R5 and R6, 
are added to attenuate the amount of voltage fed back 
from the lowpass output into the input of the Sq (Sg) 


switched capacitor summer. This allows the filter clock to 
center frequency ratio to be adjusted beyond 50:1 (or 
100:1). Mode 1b still maintains the speed advantages of 
Mode 1. Figure 8 shows the 3 lowpass sections of the 
LTC1061 in cascade resulting in a Chebyshev lowpass fil- 
ter. The side A of the IC is connected in Mode 1b to provide 
the first resonant frequency below the cutoff frequency of 
the filter. The practical ripple, obtained by using a non-A 
version of the LTC1061 and 1% standard resistor values, 
was 0.15dB. For this 6th order lowpass, the textbook Q's 
and center frequencies normalized to the ripple bandwidth 
are: Q1=0.55, fo1=0.71, Q2=1.03, fo2=0.969, Q3=3.4, 
fo3= 1.17. The. design was done with speed in mind. The 
higher (Q3, fo3) section was in Mode 1 and placed in the 
side B of the LTC1061. The remaining two center frequen- 
cies were then normalized with respect to the center fre- 
quency of side B; this changes the ratio of clock to cutoff 
frequency from 50:1 to 50x 1.17=58.5'1. As shown in 
Figure 9, the maximum cutoff frequency is about 33kHz. 
The total wideband output noise is 220.Vpys and the 
measured output DC offset voltage is 60mV. Another 
example of Mode tb is illustrated on the front page of 
the datasheet. The cascading sequence of this 6th 
order bandpass filter is shown in block diagram form, 
Figure 10A. The filter is geometrically centered around the 


+ 
Vg +5V 
0 —+-T,=25°C 
Vin=1Vams 
~10 
CLK= 2MH2 
— 20 fo=40kHz J 
=) 
z ~30 | 1 
& 
=40 Ficiy=1MHz rote 
f= 20kHz 
—50 
-60 ; 
~70 
10k 20k «40k = 100k 200k 1M 
HARMONIC DISTORTION WITH fc, x= 2MHz STANDARD 1% RESISTOR VALUES ty H2) 
fin 2ND HARMONIC R11 = 20k R21 =20k 
TOKHZ, 1VaMs 7408 R31=11k R41 =20k 
save ll) cepa Rea isk RD 10K 
30kHz, 1V) —62dB = = Fi 
A0KHz, Vine ~624B R13 = 10k R33 =17,8k Figure 6. Measures Frequency 


Response of the Lowpass 
Figure 5. 6th Order Butterworth Lowpass Filter with Butterworth Filter of Figure 3. 


Cutoff Frequency up to 45kHz. 
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MODES OF OPERATION 


side B of the LTC1061 connected in Mode 1. This dictates 
aclock to center frequency ratio of 50:1 or 100:1. The side 
A ofthe IC operates in Mode 1b to provide the lower center 
frequency of 0.95 and still share the same clock with the 
rest of the filter. With this approach the bandpass filter 


f 
to= 6tday nse =e O= Rv 


f = 
Hows(f—+0}=Hona (94) = FE: Houe= Rarity: Howr= ~ ft: (R5//R6) < Ske 


Figure 7. Mode 1b: 2nd Order Filter Providing Notch, Bandpass, 
Lowpass. 


Vg>45V 
Ta=25°C 
Vin=1Vams 
fork=1.9MHz 


Vout/Vin (48) 


10k 30k 100k 1M 
Fig (Hz) 


Figure 9. Amplitude Response of the 6th Order Chebyshev 
Lowpass Filter of Figure 8. 


can operate with center frequencies up to 24kHz. The 
speed of the filter could be further improved by using 
Mode 1 to lock the higher resonant frequency of 1.05 and 
higher Q of 31.9 to the clock, Figure 10B, thus changing 
the clock to center frequency ratio to 52.6:1. 


STANDARD 1% RESISTOR VALUES 


R11 =35.7k R33 = 13k 
R31 =11.5k R21 =12.1k 
R51 =5.49k R61 =2.87k 
R12=11k R22 = 11k 
R32 =36.5k R23 = 10.5k 
R13=15.8k R43 = 15.8k 


Figure 8. 6th Order Chebyshev, Lowpass Filter using 3 Different 
Modes of Operation for Speed Optimization. 


SIDE A SIDE B SIDE C 


{91 =0.95 fo2=1 f93=1.05 
01=31.9 Q2=15.9 Q3=31.9 


Figure 10A. Cascading Sequence of the Bandpass Filter Shown 
on the Front Page, with (fci\/fo)= 50:1 or 100:1. 


SIDEA SIDE B SIDE C 
fol =0.95 fo2= 1.05 {93=1 
Q1=31.9 02=31.9 03=15.9 


Figure 10B. Cascading Sequence of the Same Filter for Speed 
Optimization, and with (fo. ko) = 52.6:1. 


ec 
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MODES OF OPERATION 


Mode 3a—This is an extension of Mode 3 where the 
highpass and lowpass outputs are summed through two 
external resistors Rh and Rj to create a notch, Figure 11. 
Mode 3a is very versatile because the notch frequency can 
be higher or lower than the center frequency of the 2nd or- 
der section. The external op amp of Figure 11 is not always 
required. When cascading the sections of the LTC1061, 
the highpass and lowpass outputs can be summed di- 
rectly into the inverting input of the next section. Figure 12 


NOTE: FOR Q>5 AND fo, x>1MHz 
ADD Cg SUCH AS Gg=0.16/(R4 x 1.2MHz) 


t- fcuk _ /R2. 


o~ Fo0(80) V Ra" FOO(SH)V Ri, 


shows an LTC1061 providing a 6th order elliptic bandpass 
or notch response. Sides C and B are connected in 
Mode 3a while side A is connected in Mode 1 and uses 
only two resistors. The resulting filter response is then 
geometrically symmetrical around either the center fre- 
quency of side A (for bandpass responses) or the notch 
frequency of side A (for notch responses). Figure 13 shows 
the measured frequency response of the circuit Figure 12 
configured to provide a notch function. The filter output is 
taken out of pin 3. The resistor values are standard 1%. 


NOTCH 


EXTERNAL OP AMP OR 
INPUT OP AMP OF THE 
LTC1061, SIDE A, B, € 


fy=t0LK_, Rh. Hoyp= —R2/R1: Hggp= —R3/R1, Hp p= —RA/At 


Rg _ R2. 


Rg, R4 fouk 
Howilt + 0)= 98 Xpys Howe (- 2) = Rp 


=tjy<o (Row, — Ro ‘g= R38. /R2 
Ar: Nonf=fo) =0 (RE Hovp Rr How) 0= RB Ra 


Figure 11. Mode 3a: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Notch. 


T2L, CMOS 
CLOCK INPUT 


Vt 


Vin 


NOTE: FOR NOTCH RESPONSES, 
PIN 7 SHOULD BE PREFERABLY 
CONNECTED TO GROUND AND 
THE FILTER OUTPUT IS PIN 3. 
FOR BANDPASS OR LOWPASS 
RESPONSES PIN 7 CAN BE EITHER 
AT GROUND OR POSITIVE SUPPLY, 
AND THE FILTER OUTPUT IS PIN 2 
OR PIN 1. 


Figure 12. 6th Order Elliptic Bandpass, Lowpass or Notch Topology. 


7-48 


Vogue 


LTC1061 


ec 


MODES OF OPERATION 


The ratio of the OdB width, BW1, to the notch width BW2, —fn2= 1.187, fo3 = 1, Q3 = 26.2). The output of the filter is the 
is 5:1 and matches the theoretical design value. The mea- BP output of Side A, Pin 2. 

sured notch depth was —53dB versus - 56dB theoretical 

and the clock to center notch frequency ratio is 100:1. Lowpass filters with stopband notches can also be 
Figure 14 shows the measured frequency response of the realized by using Figure 12 provided that 6th order low- 
circuit topology, Figure 12, but with polelzero locations —_pass filter approximations with 2 stopband notches can 
configured to provide a high Q, 6th order elliptic bandpass be synthesized. Literature describing elliptic double 
filter operating with a clock to center frequency ratio of terminated (RLC) passive ladder filters provide enough 
50:1 or 100:1. The theoretical passband ripple, stopband data to synthesize the above filters. The measured ampli- 
attenuation and stopband to ripple bandwidth ratio are tude response of such a lowpass is shown in Figure 15 
0.5dB, 56dB, 5:1 respectively. The obtained results with where the filter output is taken out of side A’s Pin 1, 
4% standard resistor values closely match the theoretical Figure 12. The clock to center frequency ratio can be ei- 
frequency response. For this application, the normalized ther 50:1 or 1001 because the last stage of the LTC1061 
center frequencies, Q's, and notch frequencies are operates in Mode 1 with a center frequency very close to 
(fol = 0.969, Q1=54.3, fp1=0.84, fo2= 1.031, Q2=54.3, the overall cutoff frequency of the lowpass filter. 


7 
Vg= +5V 


0 ae ry 
STANDARD 1% RESISTOR VALUES fork = 130kHz SIAMOAADE Ss HESIS TEE AMIE 
~-10 R11=576k R21=10k 
R11=165k R21 =10k 20 R31 =562k R41 =10.7k 
= R31 = 143k R41 = 13k isk Rylt = 28.7k Ry1=40.2k 
=) Ryl =10k Ril =10.5k 2 30 R22=10.7k R32 = 562k 
‘zB R22 = 20k R32 = 221k =z R42=10k Rp2=14k 
> R42=15.4k = Ry2=10.5K = > ~40 Ri2 = 10k R23 = 2.94k 
5 R\2=10k R23 =84.5k 5 —50 R33 = 75k 
= R33 = 169k s 
60 NOTE: FOR CLOCK FREQUENCIES 
NOTES: USE A 15pF CAPACITOR ABOVE S00kHz CONNECT A 
BETWEEN PINS 17 AND 18. -70 5pF IN PARALLEL WITH R41 AND 
PIN 7 IS GROUNDED —80 
—90 
1 1.5 2 2.5 3 3.5 1 15 2 2.5 3.0 3.5 
fy, (KHz) tin (kHz) 
Figure 13, Resistor Values and Amplitude Response Figure 14, Resistor Values and Amplitude Response of Figure 12 
of Figure 12 Topology. The Notch is Centered at 2600Hz. Topology. The Bandpass Filter is Centered Around 


2600Hz when Operating with a 130kHz Clock. 


|| STANDARD 1% RESISTOR VALUES 

R11 =39.2k R21 = 10k 

R31 =13.7k R41=39.2k 
Rpt =20.5k Ryt =12.4k 
R22 = 10k R32 = 26.7k 
R42= 14k Ry2 =32.4k 
Ri2=11.8k R23 = 10k 
R33 = 100k 


NOTES: USE A 10pF ACROSS 
R42 FOR foL_ > 1MHz. 

THE ELLIPTIC LOWPASS FILTER 
HAS ONLY TWO NOTCHES IN THE 


0 2 3 4 5 6 7 8 
fin (KHz) 


STOPBAND, ANO (T OPERATES 
WITH A CLOCK TO CUTOFF 
FREQUENCY RATIO OF 50:1. 


| | 
a 
|_| 
fe 
rE 
is 
9 1 


Figure 15. Resistor Values and Amplitude Response of the Topology of Figure 12. 
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MODES OF OPERATION 


In Figure 16, all three sides of the LTC1061 are connected 
in Mode 3a. This topology is useful for elliptic highpass 
and notch filters with clock to cutoff (or notch) frequency 
ratio higher than 100:1. This is often required to extend the 
allowed input signal frequency range and to avoid prema- 
ture aliasing. Figure 16 is also a versatile, general purpose 
architecture providing 3 notches and 3 pole pairs, and 
there is no restriction on the location of the poles with re- 
spect to the notch frequencies. The drawbacks, when 


TL; CMOS 
CLOCK INPUT 


V+ 


compared to Figure 12, are the use of an external op amp 
and the increased number of the required external resis- 
tors. Figure 17 shows the measured frequency of a 6th or- 
der highpass elliptic filter operating with 250:1 clock to 
cutoff frequency ratio. With a 1MHz clock, for instance, 
the filter yields a 4kHz cutoff frequency, thus allowing an 
input frequency range beyond 100kHz. Band limiting can 
be easily added by placing a capacitor across the feed: 
back resistor of the external op amp of Figure 16. 


STANDARD 1% RESISTOR VALUES 


R11 = 105k R21 = 10k 
R31 =47.5k R41 =45.3k 
Ryt = 10k Rit =1.07M 
R22 =32. 4k R32 =28.7k 
R42 =52.3k Ry2=42.2k 
Ry2= 750k R23=10k 
R33 = 255k R43 =63.4k 
Ry3 = 10k Ri3=1 10k 
Rg= 140k 


NOTE: FOR CLOCK FREQUENCIES BELOW 


1 1.5 
fin (kHz) 


SO0kHz, USE A CAPACITOR IN PARALLEL 
WITH R21 SUCH AS (1/2¢R21C)=fo.K/3 


2.5 


Figure 17. Measured Amplitude Response of the Topology of Figure 16, Configured to Provide 
a 6th Order Elliptic Highpass Filter Operating with a Clock to Cutoff Frequency Ratio of 250:1. 
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MODES OF OPERATION 


Figure 18 shows the plotted amplitude responses of a 6th 
order notch filter operating again with a clock to center 
notch frequency ratio of 250:1. The theoretical notch depth 
is 70dB and when the notch is centered at 1kHz its width is 
50Hz. Two small, noncritical capacitors were used across 
the R21 and R22 resistors of Figure 16, to bandlimit the 
first two highpass outputs such that the practical notch 
depth will approach the theoretical value. With these two 
fixed capacitors, the notch frequency can be swept within 
a3:1 range. 


When the circuit of Figure 16 is used to realize lowpass el- 
liptic filters, a capacitor across Rg raises the order of the 
filter and at the same time eliminates any small clock 


feedthrough. This is shown in Figure 19 where the ampli- 
tude response of the filter is plotted for 3 different cutoff 
frequencies. When the clock frequency equals or exceeds 
4MHz, the stopband notches lose their depth due to the fi- 
nite bandwidth of the internal op amps and to the small 
crosstalk between the different sides of the LTC 1061. The 
lowpasss filter, however, does not lose its passband 
accuracy and it maintains nearly all of its attenuation 
slope. The-theoretical performance of the 7th order low- 
pass filter of Figure 19 is 0.2dB passband ripple, 1.5:1 
stopband to cutoff frequency ratio, and 73dB stopband 
attenuation. Without any tuning, the obtained results 
closely approximate the textbook response. 


STANDARD 1% RESISTOR VALUES 


Vour/ Vin (48) 


R11 =84.5k R21 =10.2k 
R31 =31.6k R41 =63.4k 
Ryl =48.7k Ry = 287k 
R22=10k R32 = 232k 
R42 =97.6k Rn2=10.2k 
R2=66.5k R23 = 20k 
R33 = 300k R43 =80.6k 
Ry3=10.2k RB=63.4k 
Rg=210k 


NOTE: CONNECT 39pF AND 100pF 
ACROSS R21 AND R22 RESPECTIVELY. 


-70 
0 0.2 0.4 06 08 1.0 1.2 1.4 1.6 18 2.0 
fin (KHz) 


Figure 18. 6th Order Band Reject Filter Operating with a Clock to Center 
Notch Frequency Ratio of 250:1. The Ratio of 0dB to the ~ 65dB Notch Width is 8:1. 


0 
it 
-10 +4 L 
4 
—20 ‘ 
s fork] ferk 4 feik 
S ~30 200KHz "| S0GKHz + 1MHz 
= —40 \ 
— | H 
3 —50 = | 
= { 
—60 1th 
s 
-70 
86 ++ v 
90 
1 4 te 
fy (KHZ) 


STANDARD 1% RESISTOR VALUES 


R11 =30.9k R21 = 10k 
R31 =16.2k R41 =26.7k 
Rpt =45.3k Rit = 19.6k 
R22=10.5k R32-= 100k 
R42 = 10k Ry? =52.3k 
Ri2=15.8k R23 = 10k 
R33=28.7k R43 =12.7k 
Rp =95.3k R= 10k 
Rg=28k 


NOTE: ADD A CAPACITOR C ACROSS Rg 
TO CREATE A 7TH ORDER LOWPASS SUCH AS 
(1/2mRgC) = (CUTOFF FREQUENCY) x 0.38 


Figure 19. Frequency Responses of a 7th Order Lowpass 
Elliptic Filter Realized with Figure 16 Topalogy. 
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MODES OF OPERATION 


Mode 2—This is a combination of Mode 1 and Mode 3, 
Figure 20. With Mode 2, the clock to center frequency 
ratio, fouk/fo, is always less than 50:1 or 100:1. When com- 
pared to Mode 3 and for applications requiring 2nd order 
sections with fcik/fo slightly less than 100 or 50:1, Mode 2 
provides less sensitivity to resistor tolerances. As in 
Mode 1, Mode 2 has a notch output which directly depends 
on the clock frequency and therefore the notch frequency 
is always less than the center frequency, fo, of the 2nd or- 
der section. Figure 21 shows the side A of the LTC1061 
connected in Mode 2 while sides B and C are in Mode 3a. 
This topology can be used to synthesize elliptic bandpass, 
highpass and notch filters. The elliptic highpass of 


—__fCLk R 
fo= 700(66) +5 


fuk. 9 _.R3 1+ Re, 


__=R2/RI 
* Houp= +5 (RE7RA) 


2 f 
Hosp= —R3/Rt; Hows(t—0)= 5 So : Mowe (- a) =—R2RI 


2.5 
4 n= F960) | = BD 


Figure 20, Mode 2: 2nd Order Fitter Providing Notch, Bandpass, 
Lowpass. 


Py a 
-10 a a foiK=300kHz 
ee AS 
Po ua 
= -40 
3 ~50 
> 
-60 
-70 
—80 
-90 
0 1 2 3 4 5 6 7 8 9 10 


fin (KHz) 


Figure 17 is synthesized again, Figure 22, but the clock is 
now locked onto the higher frequency notch provided by 
the side A of the LTC1061. As shown in Figure 22, the high- 
pass corner frequency is 3.93kHz and the higher notch fre- 
quency is 3kHz while the filter operates with a 300kHz 
clock. The center frequencies, Q’s, and notches of 
Figure 22, when normalized to the highpass cutoff fre- 
quency, are (fo1=1.17, Q1=2.24, fy1=0.242, fo2= 1.96, 
Q2=0.7, fr2=0.6, fo3=0.987, fn3=0.753, Q= 10). When 
compared with the topology of Figure 16, this approach 
uses lower and more restricted clock frequencies. The 
obtained notch in Mode 2 is shallower; however, this 
topology is more efficient. 


Vout 


R43 1 20 R42 
R33 2 19 R32 
R23 3 18 R22 
4 17 
5 16 
15 = Ri 
6 ye 
=17 14 Rat 
TAL, CMOS 8 13 Fat 
CLOCK 7 om Ro 
= 10 W 
+ 
7 Ry 
Att 
Vin 


Figure 21. LTC1061 with Side A is Connected in Mode 2 while 
Sides B, C are in Mode 3a. Topology is Useful for Elliptic 
Highpass, Notch and Bandpass Filters. 


STANDARD 1% RESISTOR VALUES 


R11=54.9k R21 =24.3k 
R31 =34.8k R41 =10k 
Rpt =28.7k Ry = 280k 
R22 = 68. 1k R32 =18.2k 
R42 = 10k Ry2 = 10.2k 
Ryo = 16.2k R23 = 10k 
R33 = 75k R43 =14k 


NOTE: FOR CLOCK FREQUENCIES 
ABOVE 300kHz ADD A CAPACITOR, C, 
ACROSS R21 AND R22 SUCH AS (1/2nR21C) =fork 


Figure 22. 6th Order Elliptic Highpass Filter Operating with a Clock to Cutoff Frequency 
Ratio of 75:1, and Using the Topology of Figure 21. 
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MODES OF OPERATION 
Output Noise 


The wideband RMS noise of the LTC1061 outputs is 
nearly independent from the clock frequency. The 
LTC1061 noise when operating with +2.5V supply is 
lower, as Table 3 indicates. The noise at the bandpass and 
lowpass outputs increases roughly as the VQ. Also the 
noise increases when the clock to center frequency ratio 
is altered with external resistors to exceed the internally 
set 100:1 or 50:1 ratios. Under this condition, the noise in- 
creases square root-wise. 


Output Offsets 


The equivalent input offsets of the LTC1061 are shown in 
Figure 23. The DC offset at the filter bandpass output is al- 


ways equal to Voss. The DC offsets at the remaining two 
outputs (Notch and LP) depend on the mode of operation 
and external resistor ratios. Table 4 illustrates this. 


it is important to know the value of the DC output offsets, 
especially when the filter handles input signals with large 
dynamic range. As a rule of thumb, the output DC offsets 
increase when: 
1. The Q's decrease 
2. The ratio (fcik/fo) increases beyond 100:1. This is 
done by decreasing either the (R2/R4) or the R6/ 
(R5+ R6) resistor ratios. 


Table 3. Wideband RMS Noise 


(12,18) 


(41,17) 
+ 


Mode 1, R1=R2=R3 


Mode 1,Q= 10 
R1=R3 for BP out 
R1=R2 for LP out 


Mode 3, R1 = R2=R3=R4 
Q=1 


Mode 3, R2=R4,Q= 10 
R3=R1 for BP out 
R4=R1 for LP and HP out 


(13,19) (14,20) 


Figure 23. Equivalent Input Offsets of 1/3 LTC 1061 Filter Building Block. 
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MODES OF OPERATION 


Table 4 
V V el V 
YOsn Vosgp Vosip 
+ Mode i Pin 3 (18) sl Pin 2(19) | Pin 4 (20) 
1 Vosif(/Q) +1 + SHo_pl] ~ Vogs/Q Vos3 Vosw - Vose 
7 7 
tbh | Vosil(1/Q) + 1+ RII] ~ Vogg/Q Voss ~(Vogn ~ Vosa) (1 + R5/R6) 
{—_____}_ —- + | 
2 [Vogi(1 + R2/R1 + R2/R3 + Rai R4) — Vog3(R2/R3)] x Voss Vosn — Vose 
|__XIR4(R2+ Ral] + VoseIR24R2 + Ra) | 
3 Vosz Voss R4 R4 Ré (2) 
Vogt | 1+—+—+— | -Vogo { — 
TAT RD. Aad OV Re 
R4 
- Voss (*) 
L zi i 
PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 
J20 Package Ceramic DIP 
el [“ aE ts a *| 
9.200= 0.320 crass (4,084) a 
(7.366 —8 128) sealant MAX 
| a.os—o.0e0 4} ~ mane 


0,220~0.310 
AK pace ey 
M (5'588—7.874) 


0.008 -0.018 0.038 —0.068 0. 100 + 0.010 
(0:203-0.457) f 2 092} T0965 1-737) (25403 0.254) 
(3.175) Max 
0.385 0.025 MIN 9.014 - 0.026 
10.779«0.635) {0.356 ~ 0.680) 
Tmax 8, 
125°C 100°C/W 


0.085 Bh Sees aes te AL ONO = L ~| 
0.130 0.005 aca 
2390-0320 feroca ‘8H : oe 
“| Te0=8 126) r an fie Y (6 Gel on a 
(0.508) 
MN 
voy J 0,250 20,010 
rey (6.350 40.254) 
1 < | |! me 
0.009 — 0.015 0.045 ~ 0.065 
10.229-0.381) aus a iria3— 1650) LL simscue 
te ru 72540 5 0.2541 
+0.025 
os 001s | 0.06520015 | cal eg 2.018 0.003 
@ 235 +0. a) . (1.651 40.381) (0.457 + 0.076) 2088 
0.384, 
Tinax 8. 
100°C 100°C 
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FEATURES 


= Up to 6th Order Filter Functions with a Single 20 Pin 
Surface Mount Package 

= Center Frequency Range up to 35kHz 

® {)xQ Product Up to 1 MHz 

= Guaranteed Center Frequency and Q Accuracy Over 
Temperature 

= Guaranteed Low Offset Voltages Over Temperature 

= 90dB Dynamic Range 

= Filter Operates From Single 4.7V Supply and Up to 
+8V Supplies 

# Low Power 

® Clock Inputs T@L and CMOS Compatible 


APPLICATIONS 


= High Order, Wide Frequency Range Bandpass, 
Lowpass, Notch Filters 

= Low Power Consumption, Single 5V Supply Clock 
Tunable Filters 

® Tracking Filters 


TYPICAL APPLICATION 


6th Order, Clock Tunable, 0.54B Ripple Chebyshev BP Filter 


faq LTC1061 


LTC1061CS 


High Performance Triple 
Universal Filter Building Block 


DESCRIPTION 


The LTC1061 consists of three high performance, univer- 
sal filter building blocks. Each filter building block to- 
gether with an external clock and 2 to 5 resistors can pro- 
duce various second order functions which are available 
at its three output pins, Two out of three always provide 
lowpass and bandpass functions while the third output 
pin can produce highpass or notch or allpass. The center 
frequency of these functions can be tuned from 0.1Hz to 
35kHz and is dependent on an external clock or an ex- 
ternal clock and a resistor ratio. 


The LTC1061 can be used with single or dual supplies 
ranging from +2.37V to +8V (or 4.74V to 16V). When the 
filter operates with supplies of +5V and above, it can han- 
dle input frequencies up to 100kHz. 


The LTC1061 is compatible with the LTC1059 single uni- 
versal filter and the LTC1060 dual. Higher than 6th order 
functions can be obtained by cascading the LTC 1061 with 
the LTC1059 or LTC1060. Any classical filter realization 
(such as Butterworth, Cauer, Bessel and Chebyshev) can 
be obtained by the appropriate choice of the external 
resistors. 


The LTC1061 is manufactured by using Linear Technol- 
ogy’s enhanced LTCMOS" silicon gate process. 


LTCMOS™ js a trademark of Linear Technology Corp. 


Amplitude Response 


2kHz 
0 foix= 1MH2 


~80 


10 20 30 40 50 60 
INPUT FREQUENCY (kHz) 


LTCIO061CS 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage .............00.0 ee 
Operating Temperature Range .... 
Storage Temperature Range....... 
Lead Temperature (Soldering, 10sec) 


ietes - 65°C to 150°C 


— 40°C <T,<85°C 


S20 PACKAGE 
PLASTIC SOL 


TOP VIEW 


LTC1061 


ORDER PART NUMBER 


LTC1061S 


PART MARKING 


LTC1061S 


ELECTRICAL CHARACTERISTICS 


(Complete Filter) Vs = + 5V, Ta = 25°C, TAL clock input level, unless otherwise specified 


PARAMETER 
Center Frequency Range, f, 


Input Frequency Range 


fy x Qs 175kHz, Mode 1, V5 = +7.5V 
fo X Qs 1.6MHz, Mode 1, Vg = +7.5V 
fo X Qs 75kHz, Mode 3, Vg = + 7.5V 
{ox Qs 1MHz, Mode 3, Vo = +7.5V 
{Note 1) 


0.1-25k 
0.1-25k 
0.1-17k 


0-200k 


Hz 

Hz 

Hz 

i Hz 
— 


Clock to Center Frequency Ratio, foxxif, 
(Note 1) 


Clock to Center Frequency Ratio, 
Side to Side Matching 


Q Accuracy (Note 1) 


f, Temperature Coefficient 
Q Temperature Coefficient 


Sides A, B: Mode 1, R1 = R3=50k0 
R2= 5kQ, Q = 10, fox = 250kHz 
Pin 7 High. 

Side C: Mode 3, R1 = R3 = 50k 

R2 =R4= 5k, fox= 250kHz 

Same as Above but Pin 7 at 
Mid-Supplies, fo, , = 500kHz 


50+ 1.2% 


Sides A, B, Mode 1 hae or 100:1 
Side C, Mode 3 f,=5kHz, Q=10 
Mode 1, 50:1, for, <300kHz 

Mode 1, 100:1, fork <500kHz 

Mode 3, fer, <500kHz 


+3 ] % 
+1 ppm/°C 
+5 ppmi°C 
+5 ppmicc 
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ELECTRICAL CHARACTERISTICS 


(Complete Filter) Vg = + 5V, Ta =25°C, T’L clock input level, unless otherwise specified 


PARAMETER CONDITIONS TYP MAX UNITS 

DC Offset Voltage (Note 2) 
Vos 2 15 mV 
Voso foux= 250kHz, 50:1 3 25 mV 
Vose fox = 500kHz, 100:1 6 50 mv 
Vos3 fork = 250kHz, 50:1 3 25 mV 
Voss fork = 500kHz, 100:1 6 50 mV 
Clock Feedthrough fix <1MHz 04 | mVans 
Max. Clock Frequency Mode 1, Q<5, Vg> + 5V 25 MHz 
Power Supply Current 8 12 mA 
L 16 _| mA 


ELECTRICAL CHARACTERISTICS (Complete Filter) Vg = + 2.37V, Ta = 25°C unless otherwise specitied 


PARAMETER CONDITIONS MIN TYP MAX UNITS 
Center Frequency Range, fy fo X Q< 120kHz, Mode 1, 50:1 0.1-12k Hz 

fy x Qs120kHz, Mode 3, 50:1 0.1-10k Hz 
Input Frequency Range 0-20k Hz 
Clock to Center Frequency Ratio 50:1, fork = 250kHz, Q= 10 

Sides A, B: Mode 1 

Side C: Mode 3 50+ 1% 


100: 1, fork = 500kHz, Q= 10 


Sides A, B: Mode 1 100+ 1% 
Side C: Mode 3 
Q Accuracy Same as Above, 100:1 or 50:1 +3 % 


Max. Clock Frequency 700k Hz 
Power Supply Current | 45 6 mA 


ELECTRICAL CHARACTERISTICS (Intemal Op Amps) Ta = 25°C unless otherwise specified 


PARAMETER CONDITIONS 
Supply Voltage Range 
Voltage Swings | Vg= £5V, RL =5k (Pins 4, 2, 13, 14, 19, 20) 


R, = 3.5k (Pins 3, 12, 18) 


Output Short Circuit Current 
Source/Sink Vg = +5V 
DC Open Loop Gain Vs = +5V, Ri =5k 
GBW Product Vg= + 5V 
Slew Rate Vg = +5V 
The @ denotes the specifications which apply over the full operating Note 2: For definition of the DC offset voltages refer to the LTC 1061 data 
temperature range. sheet. An LTC1061S with improved DC offset specifications can be made 


available upon special est, 
Note 1: An LTC1061S with improved Q and clock to center frequency ratio ie ponspecm teen! 


accuracy can be made available upon special request. 
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FEATURES 


= Lowpass Filter with No DC Error 

= Low Passband Noise 

= Operates DC to 20kHz 

= Operates on a Single 5V Supply or Up to + 8V 
= 5th Order Filter 

® Maximally Flat Response 

@ Internal or External Clock 

= Cascadable for Faster Rolloff 

@ Buffer Available 

= 8Pin DIP Package 


APPLICATIONS 


= 60HzLowpass Filters 
= Anti-Aliasing Filter 


t 
= Low Level Filtering * © 
® Rolling Off AC Sj igh DC Vol 
cael VYSED 
= Scales 


® Strain Gauges ¢O 
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ph LTC1062s can be cascaded to form a 10th order quasi 


LTC1062 
5th Order Low Pass Filter 


DESCRIPTION 


The LTC1062 is a 5th order all pole maximally flat lowpass 
filter with no DC error. Its unusual architecture puts the fil- 
ter outside the DC path so DC offset and low frequency 
noise problems are eliminated. This makes the LTC1062 
very useful for lowpass filters where DC accuracy is 
important. 


The filter input and output are simultaneously taken 
across an external resistor. The LTC 1062 is coupled to the 
signal through an external ree is R,C reacts with 


the internal switched c: to form a 5th or- 
der rolloff at th al 


equency | 


ing “ Clock ripple to be easily 


max flat lowpass filter. The device can be operated with 
single or dual supplies ranging from + 2.5V to + 9V. 


The LTC1062 is manufactured using Linear Technology's 
enhanced LTCMOS™ silicon gate process. 


LTcMos™ is a trademark of Linear Technology Corp. 


TYPICAL APPLICATION 
10Hz Sth Order Butterworth Lowpass Filter 
25.8k 
Vin a are 
kat BUFFERED 
: 8 OUTPUT 

2 7 

= yv-=-5V 3 6 

4 5 

oo 

a Vta+5V 


NOTE: TO ADJUST OSCILLATOR FREQUENCY, 
USE A 6800pF CAPACITOR IN SERIES 
WITH A50K POT FROM PIN 5 TO GROUND. 


Filter Amplitude Response and Noise 
0 
—10 
-20 
Ss NI 
ao Hill A 
7 TT NEL 
[= | i 
8 ~60 
5 } 
ee Wl 
ne ll 
—100 
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ABSOLUTE MAXIMUM RATINGS 


Total Supply Voltage (V+ toV-) ........ccceeee eens 18V 
Input Voltage at Any Pin ...... V- -0.3V<VinsV+ +0.3V 
Operating Temperature Range 


LTC1062M........cceceeeeee sears - 55°C <T,< 125°C 
LTC1062C ....... cece ceec ceca enone ~ 40°C <Ty <85°C 
Storage Temperature Range............. ~65°C to 150°C 
Lead Temperature Range (Soldering, 10 sec.)....... 300°C 


PACKAGE/ORDER INFORMATION 


TOP VIEW 
wy, 


ORDER 
PART NUMBER 


LTC1062MJ8 
LTC1062CU8 
LTC1062CN8 


LTC1062 


J8 PACKAGE 
HERMETIC DIP 


N8 PACKAGE 
PLASTIC DIP 


ELECTRICAL CHARACTERISTICS 


Test Conditions: V* = +5V, V~ = -5V, Ta=25°C untess otherwise specified, AC output measured at pin 7, Figure 1 


PARAMETER CONDITIONS MIN TYP MAX UNITS 
Power Supply Current Cog (Pin 5 to V~)= 100 pF A 45 7 mA 
10 mA 
Input Frequency Range 0-20k Hz 
Filter Gain at fy =0 fork = 100kHz, Pin 4 at V* 0 dB 
fin = 0.5f¢ (Note 1) C=0.01sF, R= 25.78k - 0.02 ~0.3 dB 
fin = fc e a) 2 ae 3 dB 
fy =2fc e| -28 -30 dB 
fin = 4. e = §4 = 60 dB 
Clock toCutoff Frequency Ratio, toxic _—«|_ Sameasabove =| 10021 % 
Filter Gain at fy = 16kHz fox = 400kHz, Pin 4 at V* @; -4 -52 dB 
C=0.01pF, R=6.5k 
foixiic Tempco Same as above 10 ppm/°ec 
Filter Output (Pin 7) DC Swing Pin 7 bufffered with an externalopamp | @ 23.5 +38 V 
Clock Feedthrough r | 1 mVp-p 
Intemal Buffer 
Bias Current 
Bias Current 
Offset Voltage 


Voltage Swing 
Short Circuit Current Source/Sink 
Clock (Note 3) 

Internal Oscillator Frequency 


Cogc (Pin 5 to V-) = 100pF 
osc(Pin 5 to V-)= 100pF 


Max Clock Frequency 
Pin 5 Source or Sink Current 


The @ denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: f¢ is the frequency where the gain is - 3dB with respect to the in- 
put signal. 


Note 2: The LTC1062M operates from - 55°C <T,< 125°C, the LTC1062C. 
operates from — 40°C <T, <85°C. 

Note 3: The external or driven clock frequency is divided by either 1, 2, or 4 
depending upon the voltage at pin 4. When pin 4=V*, ratio= 1; when 
pin 4= GND, ratio = 2; when pin 4=V~, ratio= 4, 
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BLOCK DIAGRAM 


BY CONNECTING PIN 4 TO V+, AGND, OR 
SWITCHED V—, THE OUTPUT FREQUENCY OF THE IN- 
CAPACITOR TERNAL CLOCK GENERATOR IS THE OSCIL- 
NETWORK LATOR FREQUENCY DIVIDED BY 1,2,4. THE 
(feuk/fc) RATIO OF 100:1 1S WITH RESPECT 
TO THE INTERNAL CLOCK GENERATOR OUT- 
PUT FREQUENCY. PIN 5 CAN BE DRIVEN 
WITH AN EXTERNAL CMOS LEVEL CLOCK. 
THE LTC1062 CAN ALSO BE SELF-CLOCKED 
BY CONNECTING AN EXTERNAL CAPACITOR 
{Cogc) TO GROUND (OR TO V- IF Cosg IS 
POLARIZED). UNDER THIS CONDITION AND 
WITH £5V SUPPLIES, THE INTERNAL 0S- 
CILLATOR FREQUENCY IS: 


fosc= 140kHz [33pF/(33pF +Cogc}]. 


For Adjusting Oscillator Frequency, Insert a 50K Pot in Series with Cosc. Use Two Times Calculated Cosc. 


25.8k +5¥ 


MEASURED 
OUTPUT 


FOR BEST MAX. FLAT APPROXIMATION, 
THE INPUT R,C SHOULD BE SUCH AS: 


1 _ fo y_4 
2aRC 100 ~ 1.63" 
A0.5K RESISTOR, R’, SHOULD BE USED IF 
THE BIPOLAR EXTERNAL CLOCK IS APPLIED 
BEFORE THE POWER SUPPLIES TURN ON. 


fork = 100kHz 
—5V 


Figure 1. AC Test Circuit 


TYPICAL PERFORMANCE CHARACTERISTICS 


Amplitude Response Normalized to Amplitude Response Normalized to 
the Cutoff Frequency the Cutoff Frequency Passband Gain vs Input Frequency 


~10 Ve eeey —_ is 


tas 25°C 
—20 F_1_ 


Ta=25°C As 
0.2 Torx = 100KHz ——— 2aRC 


=e i aati =500kHZ\Y + | 
fo=2. ‘5kHz, fouKk= 250kHz Net 


LK = S00KHZN TTT TTT] 


f¢=5kHz 


| 
an 
i=) 


PASSBAND GAIN (dB) 


RESPONSE (dB) 
8 


i 
x 
c=) 


| 
fer) 
S 


f= 10Hz 


0.1 1 2 3456 810 
finftc 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Passband Phase Shift vs Input 


Vg= +5V 
fory= 100kH 


Filter Noise Spectral Density 


Vg= +5V 
|| taux = 100kHz 


| __ic 
2aRC 1.62 


1 fc 


PASSBAND GAIN (dB) 


QaRC 1.62 
+ 


PHASE SHIFT (DEGREES) 


FILTER OUTPUT NOISE (.V/VH2) 


0.1 0.2 03 040506 0.8 


fin/fo 


0 0.1 0.2 


Normalized Oscillator Frequency, 


Oscillator Frequency, fosc vs 


100 1k 10k 
CUTOFF FREQUENCY (Hz) 


0.3 040506 08 1 0.1 Pas 
tin/fo 


Power Supply Current vs Power 
Supply Voltage 


SUPPLY CURRENT (mA) 
oo 


2 — + 


fosc ¥s Supply Voltage Ambient Temperature 

1.6 
a 1.5 + +— 
gz 14 
=2> 
S213 4 
25 
= 
SS 1.2 
— 
a = 11 
a=) 
a“. 4 
ee 
3 0.9 [ eae 8 
Q 
Bos + +— 

07 

6 8 10 12 14 16 18 20 -50 -25 0 50. 75 
Vsupecy (V AMBIENT TEMPERATURE (°C) 


100 125 4 6 8 0 12 14 16 
POWER SUPPLY VOLTAGE (V)} 


APPLICATIONS INFORMATION 


Filter Input Voltage Range 


Every node of the LTC1062 typically swings within 1V of 
either voltage supply, positive or negative. With the appro- 
priate external (R,C) values, the amplitude response of all 
the internal or external nodes does not exceed a gain of 
0 dB with the exception of pin 1. The amplitude response 
of the feedback node (pin 1) is shown in Figure 2. For an in- 
put frequency around 0.8 x fc, the gain is 1.7 V/V and, with 


+5V supplies, the peak-to-peak input voltage should not 
exceed 4.7V. If the input voltage goes beyond this value, 
clipping and distortion of the output waveform occur, but 
the filter will not get damaged nor will it oscillate. Also, 
the absolute maximum input voltage should not exceed 
the power supplies. 
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Figure 2. Amplitude Response of Pin 1 


Internal Buffer 


The internal buffer out (pin 8) and pin 1 are part of the 
signal AC path. Excessive capacitive loading will cause 
gain errors in the passband, especially around the cutoff 
frequency. The internal buffer gain at DC is typically 
0.006dB. The interna! buffer output can be used as a filter 
output, however it has a few millivolts of DC offset. The 
temperature coefficient of the internal buffer is typically 
1pI°C. 


Filter Attenuation 


The LTC1062 rolloff is typically 30dB/octave. When the 
clock, and the cutoff frequencies increase, the filter's 
maximum attenuation decreases. This is shown in the 
Typical Performance Characteristics. The decrease of the 
maximum attenuation, is due to the roll off at higher fre- 
quencies of the loop gains of the various internal feedback 
paths and not to the increase of the noise floor. For in- 
stance, for a 100kHz clock and 1kHz cutoff frequency, the 
maximum attenuation is about 64dB. A 4kHz, 1Vrms input 
signal will be predictably attenuated by 60dB at the 
output. A 6kHz, 1Vrms input signal will be attenuated by 
64dB and not by 77dB as an ideal 5th order maximum flat 
filter would have dictated. The LTC 1062 output at 6kHz will 
be about 630uVrms. The measured rms noise from DC to 
17kHz was 1004Vrms which is 16dB below the filter output. 


Cosc, Pin 5 


The Cogc, pin 5, can be used with an external capacitor, 
Cosc, connected from pin 5 to ground. If Cosc is polarized 
it should be connected from pin 5 to the negative supply, 
pin 3. Cogc lowers the internal oscillator frequency. If pin 5 
is floating, an internal 33pF capacitor plus the external 
interpin capacitance set the oscillator frequency around 
140kHz with +5V supply. An external Cogc will bring the 
oscillator frequency down by the ratio (S3pF)(33pF + 
Cosc). The typical performance characteristics curves pro- 
vide the necessary information to get the internal oscilla- 
tor frequency for various power supply ranges. Pin 5 can 
also be driven with an external CMOS clock to override the © 
internal oscillator. Although standard 7400 series CMOS 
gates do not guarantee CMOS levels with the current 
source and sink requirements of pin 5, they will, in reality, 
drive the Cosc pin. CMOS gates conforming to standard B 
series output drive have the appropriate voltage levels and 
more than enough output current to simultaneously drive 
several LTC 1062 Cosc pins. The typical trip levels of the in- 
ternal Schmitt trigger which input is pin 5, are given below. 


VSUPPLY Vint | Vin- 
+2.5V +0.9V -1WV 
+5V +1.3V ~2.1V 
+6V | +1.7V ~2.5V 
+7V | +1,75V -2.9V 


DOWER 


LTC1062 


APPLICATIONS INFORMATION 
Divide By 1, 2, 4 (Pin 4) 


By connecting pin 4 to V+, to mid supplies or to V-, the 
clock frequency driving the internal switched capacitor 
network is the oscillator frequency divided by 1, 2, 4, 
respectively. Note that the foik/fe ratio of 100:1 is with 
respect to the internal clock generator output frequency. 
The internal divider is useful for applications where octave 
tuning is required. The +2 threshold is typically + 1V from 
the mid supply voltage. 


Transient Response 
Figure 3 shows the LTC 1062 response to a 1V input step. 


200mV/VERT DIV 


a1 ote 
2aRC 1.62 


50ms/HORIZ DIV, f¢=10Hz 
Sms/HORIZ DIV, {p= 100Hz 
0.5ms/HORIZ DIV, f¢=1kHz 


Filter Noise 


The filter wideband rms noise is typically 100xVrms for 
+5V supply and it is nearly independent from the value of 
the cutoff frequency. For single 5V supply the rms noise is 
80,Vrms. Sixty-two percent of the wideband noise is in the 
passband, that is from DC to fc. The noise spectral 
density, unlike conventional active filters, is nearly zero 
for frequencies below 0.1 x fc. This is shown in the typical 
performance characteristics section. Table 1 shows the 
LTC 1062 rms noise for different noise bandwidths. 


Figure 3. Step Response to a 1V Peak Input Step 


Table 1 


DC-0.1xf 


mms NOISE 
NOISE BW Vg= £5V 


2uV 
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LTC1062 


TYPICAL APPLICATIONS 


AC Coupling an Extemal CMOS Clock Powered from a 
Single Positive Supply, V+ 


Vout 


—ryt 
Oe aaa : 
HH KK ee 


Adding an Extemal (Ri, C1) to Eliminate the Clock 
Feedthrough and to Improve the High Frequency Attenuation 
Floor 


Vout 
EXTERNAL BUFFER 


R R1=10R 
Vin 


Filtering AC Signals from High DC Voltages 


R 
25.8k 


Vin ee OUTPUT 
c Cc 


HIGH DC INPUT = 100V 
CLK IN=fc x 100 


Vt=+5V 


EX ferk=100kHz, fo=1kHz. THE FILTER 
ACCURATELY PASSES THE HIGH DC INPUT 
AND ACTS AS Sth ORDER LP FILTER FOR THE 
AC SIGNALS RIDING ON THE DC. THE AMPLI- 
TUDE RESPONSE iN THE PASSBAND IS 
SHOWN BELOW. 
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TYPICAL APPLICATIONS 


Cascading Two LTC1062s to Form a Very Selective Clock Sweepable Bandpass Filter 


Ri=10k, R2=10k 
R’1=10k, R’2=12.5k 


Clock Tunable Notch Filter 

For simplicity use R3 = R4= R5= 10k; 
Ri_ feik _ 79.3 

R27 bio) fnotch 1 


05 10 15 20 25 30 35 40 45 
{kHz) 
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TYPICAL APPLICATIONS 


Simple Cascading Technique 


25.8k 412k 


Vin 
DC ACCURATE 
QUTPUT 


10Hz, 10th ORDER OC ACCURATE LOW PASS FILTER 
60dB/OCTAVE ROLLOFF 
0.5dB PASSBAND ERROR, OdB DC GAIN 
MAXIMUM ATTENUATION 1100B (fo; x= 10KHz) 
1000B (fo, x= 1kHz) 
95dB (fo. k= 1MHz) 


100Hz, 50Hz, 25Hz 5th Order DC Accurate LP Filter 


25.8k 
Vin 


TO PIN 5 OF CD4016 


CONTROL, 
(HIGH, GROUND, LOW) 


BY CONNECTING PIN 4 OF THE LTC1062 HiGH/ 
GROUND/LOW THE FILTER CUTOFF FREQUENCY 
IS 100H2/50H2/25Hz. 


TO PIN 13 OF CD4016 
100k 


-5V 
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TYPICAL APPLICATIONS 


7th Order 100Hz Lowpass Filter with Continuous Output Filtering, Output Buffering and Gain Adjustment 


R3 R4 


THE LTC 1052 IS CONNECTED AS A 2nd ORDER 
SALLEN AND KEY LOWPASS FILTER WITH A 
CUTOFF FREQUENCY EQUAL TO THE LTC1062. 
THE ADDITIONAL FILTERING ELIMINATES ANY 
10kHz CLOCK FEED THROUGH PLUS DECREASES 
THE WIDEBAND NOISE OF THE FILTER. 


DC OUTPUT OFFSET (REFERRED TO A DC GAIN OF 
UNITY) =5pV MAX. 


WIDEBAND NOISE (REFERRED TO A DC GAIN OF 
UNITY) = 60,¥rms 


OUTPUT FILTER COMPONENT VALUES 
DC GAIN R3 R4 R1 R2 Ct C2 
1 oo 0 14.3k 53.6k O.1pF = 0.033 nF 
10 3.57k 32.4k 46k 274k 0.01zF — 0.02nF 


Single 5V Supply 5th Order LP Filter 
R 


Vin ro ACCURATE OUTPUT 
+5V 


C C 


10yF 
SOLID 
TANTALUM 


BUFFERED 
OUTPUT 


_L7c1082. 


FOR A 10H2 FILTER R=29.4k, C=1uF, fo_q = 1kHz 


1___te 
THE FILTER IS MAXIMALLY FLAT FOR Tae = 1.84 
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TYPICAL APPLICATIONS 


A Lowpass Filter with a 60Hz Notch 


c7 
0.14F 


1. fox 
2aRC = 100 x 1.62 


Frequency Response of the Above Lowpass Filter with the Notch fyotcu = f 


473 


Vout/Vin (Hz) 


1 
fin (Hz) 


A Low Frequency, 5Hz Fliter using Back-to-Back Solid Tantalum Capacitors 
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LTC1062 
PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


J8 Package 
8 Lead Hermetic DIP 


0.005 
(0.127) i 
MIN 0.405 


0.025 
(0.695) 
RAD TYP 
0.220-0.310 
(5.588 7.874) 
0.055 
0,290 0.320 (1,397) 
(7.378.143) MAX 0.200 
(5.080) 
MAX 
0.015 0.080 
(0.381~ 1.524) 
0.008 0.018 sf 
(0.203 --0.460) Ole 
0.385 0.025 0.014-0.026 me 
(9.779 0.635) {0.360~ 0.660) 375 
MIN 
0.030 0.073, 0.100 0.010. 
{0.762 — 1.854) (2.540 = 0.254) 
Yjmax Sa 
150°C 100°C/W 
N8 Package 


8 Lead Plastic 


0.250 + 0.005 
(6.350 + 0.127) 


0.300 -- 0.320 
(7.620 — 8.128) 


0.010 
{0.2 112) 0.040 0.130 40.005 
0.065 0.040 9.1304 0.005 
9.085, 302 +0. 
Era (1.078) (9.30220.127) | 
(0.508) 
MIN 


0.009 0,015 t 


*~ (0.229-0.381} ul 
0.325 
pais LEE 0,045 + 0.015 0.018 
55.7 0688 a (1.71432.0.381) @ mal fe 0.125 
—0,381 0.400 +: 0.010 TYP (3.175) 
(2.540 4 0.254) MIN 
Tmax 8 
100°C 130°C/W 
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FEATURES 


= Lowpass Filter with No DC Error 

= Low Passband Noise 

® Operates DC to 20kHz 

= Operates on a Single 5V Supply or Up to + 8V 
w 5th Order Filter 

@ Maximally Flat Response 

@ Internal or External Clock 

= Cascadable for Faster Rolloff 

= Buffer Available 


APPLICATIONS 


@ 60Hz Lowpass Filters 
® Anti-Aliasing Filter 
= Low Level Filtering 
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LTC1062CS 
5th Order Low Pass Filter 


DESCRIPTION 


The LTC1062 is a 5th order all pole maximally flat lowpass 
filter with no DC error. Its unusual architecture puts the fil- 
ter outside the DC path so DC offset and low frequency 
noise problems are eliminated. This makes the LTC1062 
very useful for lowpass filters where DC accuracy is 
important. 


The filter input and output are simultaneously taken 
across an external resistor. The LTC 1062 is coupled to the 
signal through an external capacitor. This R,C reacts with 
the internal switched capacit to form a 5th or- 


n on drive cutoff frequency ra- 
typically tN e clock rippie to be easily 


der rolloff at the oni’: 
The filte eNicy is prone clock which 


remo 


Vv 

chy 062s can be cascaded to form a 10th order quasi 
max flat lowpass filter. The device can be operated with 
single or dual supplies ranging from +2.5V to + 9V. 


The LTC1062 is manufactured using Linear Technology's 
enhanced LTCMOS™ silicon gate process. 


tTCMOS"™ is a trademark of Linear Technology Corp. 


TYPICAL APPLICATION 


10Hz 5th Order Butterworth Lowpass Filter 


25.8k 


Vt=+5V 
NOTE: TO ADJUST OSCILLATOR FREQUENCY, 

USE A 6800pF CAPACITOR IN SERIES 

WITH A 50k POT FROM PIN S TO GROUND. 


Filter Amplitude Response and Noise 


INPUT FREQUENCY (Hz) 


Owe 


\TC1062CS 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Total Supply Voltage (V+ toV—) vo... cece eee ee ee 18V ORDER 
Input Voltage at Any Pin ...... V- -0.3V<VinsV* +0.3V TOP VIEW PART NUMBER 
Operating Temperature Range ........ — 40°C <T, <85°C 

Storage Temperature Range............. - 65°C to 150°C LTC1062CS 


Lead Temperature Range (Soldering, 10sec.)....... 300°C 


LTC1062 


PART MARKING 
LTC1062CS 


$16 PACKAGE 
PLASTIC SOL 


ELECTRICAL CHARACTERISTICS 


Test Conditions: V+ = +5V, V~ = -5V, Ta = 25°C unless otherwise specified, AC output measured at pin 7 


PARAMETER CONDITIONS MIN TYP MAX UNITS 
Power Supply Current Cogsg (Pin 5 to V~)= 100 pF 45 7 mA 
10 mA 

Input Frequency Range 0-20k Hz 
Filter Gain at fy =0 foxx = 100kHz, Pin 4 at V* 0 dB 
fiy = 0.5f¢ (Note 1) C=0.01F, R= 25.78k -0.02 -0.3 dB 

fin=fe -2 -3 dB 

fin=2fc -28 -30 dB 

fin = 4fo = 54 -. 60 dB 

Clock to Cutoff Frequency Ratio, foux/fc | Sameasabove = 10021 % 


Filter Gain at fyy = 16kHz fox = 400kHz, Pin 4 at V* -46 -52 dB 
C=0.01pF, R=6.5k 

feix/fc Tempco Same as above 10 ppmicC 

Filter Output (Pin 7) DC Swing Pin 7 bufffered with an external op amp +3.5 +38 V 


Clock Feedthrough a ee 
Internal Buffer 

Bias Current 
Bias Current 
Offset Voltage 
Voltage Swing 
Short Circuit Current Source/Sink 
Clock (Note 3} 

internal Oscillator Frequency 


Coge (Pin 5 to V~) = 100pF 
Cogc (Pin 5 to V~) = 100pF 


Max Clock Frequency 
Pin 5 Source or Sink Current 


The @ denotes the specifications which apply over the full operating tem- Note 2: The LTC1062C operates from - 40°C <T, <85°C. 


perature range. Note 3: The external or driven clock frequency is divided by either 1, 2, or 4 
Note 1: fc is the frequency where the gain is - 3dB with respect to the in- depending upon the voltage at pin 4. When pin 4= V*, ratio= 1; when 
put signal. pin 4= GND, ratio = 2; when pin 4=V~, ratio= 4. 
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FEATURES 


= 4Filters ina0.3" Wide Package 

= 1/2 the Noise of the LTC 1059, 60, 61 Devices 

= 140kHz Maximum Center Frequency 

@ 7MHz Maximum Clock Frequency 

= Clock to Center Frequency Ratio of 50:1 and 100:1 
Simultaneously Available 

= Operates from +2.37V to + 8V Power Supplies 

= Low Offsets 

= Low Harmonic Distortion 

= Customized Version with Internal Resistors Available 


APPLICATIONS 


= Antialiasing Filters 

= Wide Frequency Range Tracking Filters 
® Spectral Analysis 

® Loop Filters 


DARI } \2 LTC1064 


TECHNOLOGY | ow Noise, Fast, Quad Universal 


Filter Building Block 


DESCRIPTION 


The LTC1064 consists of four high speed, low noise 
switched capacitor filter building blocks. Each filter build- 
ing block, together with an external clock and 3 to 5 resis- 
tors can provide various 2nd order functions like low pass, 
high pass, bandpass and notch. The center frequency of 
each 2nd order function can be tuned with an external 
clock, or a clock and a resistor ratio. For Q<5, the center 
frequency range is from 0.1Hz to 100kHz. For Q<3, the 
center frequency range can be extended to 140kHz. Up to 
8th order filters can be realized by cascading all four 2nd 
order sections. Any classical filter realization (such as 
Butterworth, Cauer, Bessel and Chebyshev) can be 
formed. 


A customized monolithic version of the LTC1064 including 
internal thin film resistors can be obtained for high volume 
applications. Consult LTC marketing for details. 


The LTC 1064 is manufactured using Linear Technology's 
enhanced LTCMOS™ silicon gate process. 


TYPICAL APPLICATION 


Clock Tunable 8th Order Cauer Low Pass Filter with {cyrorr up to 100kHz Gain vs Frequency 


FOR fc1x=5MHz, ADD C1 = 10pF BETWEEN PINS 4, 1 
G2=10pF BETWEEN PINS 21, 24 
C3=27pF BETWEEN PINS 9, 12 
WIDEBAND NOISE = 140V aus 


Fagus 
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ABSOLUTE MAXIMUM RATINGS 


Total Supply Voltage (V+ toV—-) eee eee eee 18V 
Power Dissipation..........ccsecceeseeeeeuneenes 500mW 
Operating Temperature Range 
LTC1064AM, LTC1064M............... - 55°C to 125°C 
LTC1064AC, LTC1064C ....... eee ~ 40°C to 85°C 


Storage Temperature Range............. — 68°C to 150°C 
Lead Temperature (Soldering, 10 sec.).............. 300°C 


PACKAGE/ORDER INFORMATION 


ORDER PART 
invC NUMBER 


HPC/NC 


TOP VIEW 


HPB/NB 
BPB 

LPB 

SB 


LTC1064AMJ 
LTC1064MJ 

LTC1064ACJ 
LTC1064CJ 


LTC1064 


ae LTC1064ACN 


SA 50/100 
LPA LPD 
BPA BPD 
HPA/NA HPD 
INV A 


LTC1064CN 


J PACKAGE N PACKAGE 
24-LEAD CERAMIC DIP —_24-LEAD PLASTIC DIP 


ELECTRICAL CHARACTERISTICS 


(Internal Op Amps) Ta = 25°C, unless otherwise specified. 


TOP VIEW 


INV B INV C 
HPB/NB HPC/NC 
BPB 


ORDER PART 
NUMBER 


a LTC1064CS 


SB 


LTC1064 


vt 
SA 50/100 
LPA LPD 
BPA BPO 
HPA/NA HPD 
INV A 


SO PACKAGE 
24-LEAD PLASTIC SOIC 


PARAMETER CONDITIONS MIN TYP MAX | UNITS 
Operating Supply Voltage Range | +237 +8 | v 
Voltage Swings Vg = + 5V, R, = 5k Vv 


Output Short Circuit Current (Source/Sink) 


OC Open Loop Gain 

GBW Product 

Slew Rate 
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ELECTRICAL CHARACTERISTICS 


(Complete Filter) Vg = + 5V, Ta = 25°C, TTL clock input level, unless otherwise specified. 


PARAMETER CONDITIONS MIN TYP MAX UNITS 
Center Frequency Range, f, Vg = +8V,Q<3 0.1-140 kHz 
Input Frequency Range 0-1 MHz 
Clock to Center Frequency LTC1064A (Note 1) Sides A, B, C: Mode 1, 5020.3 % 
Ratio, fouk/fy LTC1064 R1 =R3=50k0, R2=5kN, Q= 10, e 50+08 % 
fork = 1MHz, fy = 20kHz, Pin 17 High 
Side D: Mode 3, R1 = R3=50k0, e 50+0.9 % 
R2=R4=5k0 
LTC1064A (Note 1) Same as above, Pin 17 Low, fo.x = 1MHz 100+0.3 % 
fo= 10kHz 
LTC1064 Sides A, B, C e 10008 % 
Side D e 100+ 0.9 % 
Clock to Center Frequency LTC1064A (Note 1) forx= 1MHz 04 y%, 
Ratio, Side to Side Matching LTC 1064 e 1 % 
Clock to Center Frequency LTC1064A (Note 1) Sides A, B, C: Mode 1, Vg = +7.5V 50+0.6 % 
Ratio, foix/fy (Note 2) LTC1064 R1=R3=50k0, R2=5k0, Q=5, 50+13 % 


foux = 4MHz, fy = 80KHz, Pin 17 High 
Side D: Mode 3, R1 = R3=50k0, 
R2=R4=5k0, fork = 4MHz 


LTC1064A (Note 1) Same as above, Pin 17 Low 100+0.6 % 
LTC1064 fork = 4MHz, fy = 40kHz 100+ 1.3 % 
Q Accuracy Sides A, B, C: Mode 1, Q= 10 e +2 6 % 
Side D: Mode 3, for = 1MHz e +3 8 % 
fy Temperature Coefficient Mode 1, 50:1, foix<2MHz |_| +1 
Q Temperature Coefficient Mode 1, 100:1, fox <2MHz +6 
Mode 3, fork <2MHz +5 
DC Offset Voltage Vosi fork = 1MHz, 50:1 or 100:1 e 2 15 
Voge fou = 1MHz, 50:1 or 100:1 e 3 45 
Vos3 foux = 1MHz, 50:1 or 100:1 e 3 45 
Clock Feedthrough foux <1MHz ; 0.2 
Maximum Clock Frequency Mode 1,Q<5, Vs> +5V 7 
Power Supply Current 9 12 16 
e 22 
The @ denotes the specifications which apply over the full operating Note 1: Contact LTC Marketing. 
temperature range. Note 2: Not tested, guaranteed by design. 


Table 1. Output DC Offsets One 2nd Order Section 


Vogi[(1/Q) + 1 + THo; pl] — Vogg/Q Voss Vosn — Vos2 
Vogif(1/Q) + 1 + RUR1] - Vogg/Q Voss ~ (Vosy - Voga) (1 + R5IR6) 
Voss 
Voss 


[Vogi(1 + R2/R1 + R2IR3 + R2IR4) — Voga(R2/R3)] x Vosn - Vose 
[R4(R2 + R4)] + Vogo[R2(R2 + RA)] 


Vosi : poeeg -Voa(%) 


Vos2 Ra 
Ri R2 R3 R2 


R4 
-V, pes 
oa(*) 
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LTC1064 
BLOCK DIAGRAM 


HPA/NA(11) BPA(10) LPA(9) 
INV A(12) [_] 
vem 
AGNO(6) |_| 
oO 50/100(17) 
LPB(4) 
Oo CLK(18) 
INV Bt) [_] 
DD v-(19) 


| 
HPC/NG(23) ser5) BPC(22) ——LPC(21) 


INV C(24) |_| 


BY TYING PIN 17 TO V+ ALL SECTIONS 
BPD(15) —LPD(16) OPERATE WITH (fot x/fo) = (50:1) 

BY TYING PIN 17 10 V— ALL SECTIONS 
OPERATE WITH (fcux/fo) =(100:1) 

BY TYING PIN 17 TO AGND SECTIONS B & C 
inv 0(73) L_| OPERATE WITH (fciK/fo) =(50:1) AND 
SECTIONS A & D OPERATE AT (10:1). 


TYPICAL PERFORMANCE CHARACTERISTICS 


Graph 1. Mode 1, (foi xt.) = 50:1 Graph 2. Mode 1, (fcr Kit.) = 100:1 Graph 3. Mode 2, (fouxito) = 25:1 
Ta=25°C 
5 one O=10 
= “dain! oow = = 
© 10 = = 
e 5 2 z 
Q = o 
os J 
—5 
5 B | Co oe 3 
¢ o,,| 11] | ps== oe a 
= 3= rea em a st 
ies Es ‘i Es 
EE 0.5 HAH BE oS 
0 ed 2 eee il = 
= 0 10 20 30 40 50 60 70 80 90 100 = 0 10 20 30 40 50 oo sd 0 10 20 30 40 50 60 70 80 90 100 
CENTER FREQUENCY, fo, (kH2) CENTER FREQUENCY, fo, (kHz) CENTER FREQUENCY, fo, (kHz) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Graph 4, Mode 2, (foi K/fo) = 25:1 


& = 
S S 
[- 4 e 
& & 
So o 
> 
oO 
= a 
we oOo 
exis a 
eS 1 3 
oe eS 
GE 05 “2 
=z wu 
3 0 = 
0 20 40 60 80 100 120 140 160 180 200 a 
CENTER FREQUENCY, fo, (kHz) 
Graph 7. Mode 3, (foxif,) = 50:1 
Ty=25°C | fel 
R2=R4 
Co=15pF tt 
_ 15 Vg=#7.5v+—1+ | + 4 4 
<< 
= 10 tT T Q=2 = 
= = 
& Ss 
4 Q=1 = 
-5 t—T S 
> 
Vg= +7 5V 
2 15 {—— So & 
3¢ Vg= £2.5V i 
Bo 1b + Vg = +5V BS 
£2 05 ee 
oe a= 
By 0 rte 
a 0 10 20 30 40 50 60 70 80 90 100 z 
oO 


CENTER FREQUENCY, fo. (kHz) 


Graph 10. Power Supply Current 


vs Supply Voltage 


Graph 5. Mode 2, (fcikifp)=50:1 


Ta=25°C 
N17 ATV- 


0 10 20 30 40 50 60 70 80 90 100 
CENTER FREQUENCY, fo, (kHz) 


Graph 8. Mode 3, (foi x/fo)= 100:1 


a 
if Ta=25°C 

[ | R2=R4 
Vg=225V ae 


Vg= £5V 1 
10 | t + + 
5 Vg= #7 5v11 |_| 


0 
0 10 20 30 40 50 60 70 80 90 100 
CENTER FREQUENCY, fo, (kHz) 


CENTER FREQUENCY 


Q ERROR (%) 


ERROR (%) 


WIDEBAND NOISE (Vag) 


Graph 6. Mode 3, (feik/fo) = 50:1 


CENTER FREQUENCY, fo, (kHz) 


Graph 9. Wideband Noise vs Q 


ANY OUTPUT 
|__| R3=R1, ONE SECOND ORDER SECTION |_| 
MODE 1 ORS 100:1 OR 50:1 


0 2 4 6 8 10 12 14 16 18 20 
Q 


Graph 11. Harmonic Distortion, 


6th Order LP Butterworth 


3Vpms Input 


POWER SUPPLY CURRENT (mA} 


0 2 4 6 8 10 12 14 16 
POWER SUPPLY VOLTAGE (V+ —V—) 


fo = 20kHz THD = 0.015% for 
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PIN DESCRIPTION 


Power Supplies (Pins 7, 19) 


They should be bypassed with 0.1nF ceramic disc. Low 
noise, non-switching, power supplies are recommended. 
The device operates with a single 5V supply and with dual 
supplies. The absolute maximum operating power supply 
voltage is + 9V. 


Clock (Pin 18) 


For +5V supplies the logic threshold level is 1.4V. For 
+8V and 0 to 5V supplies the logic threshold levels are 
2.2V and 3V respectively. The logic threshold levels vary 
+100mV over the full military temperature range. The 
recommended duty cycle of the input clock is 50% al- 
though for clock frequencies below 500kHz the clock “on” 
time can be as low as 200ns. The maximum clock fre- 
quency for +5V supplies is 4MHz. For +7V supplies and 
above, the maximum clock frequency is 7MHz. 


AGND (Pin6) 


When the LTC1064 operates with dual supplies, Pin 6 
should be tied to system ground. When the LTC 1064 oper- 
ates with a single positive supply, the analog ground pin 
should be tied to 1/2 supply and it should be bypassed 
with a 1pF solid tantalum in parallel with a 0.1pF ceramic 
disc, Figure 1. The positive input of all the internal op 
amps, as well as the common reference of all the internal 
switches, are internally tied to the analog ground pin. Be- 
cause of this, a very “clean” ground is recommended. 


50/100 (Pin 17) 


By tying Pin 17 to V+, all filter sections operate with a 
clock to center frequency ratio internally set at 50:1. When 
Pin 17 is at mid-supplies, sections B and C operate with 
(fcLklfo)= 50:1 and sections A and D operate at (100:1). 
When Pin 17 is shorted to the negative supply pin, all filter 
sections operate with (foLk/fo) = 10:1. 


CLOCK INPUT 

V+ =15V, TRIP VOLTAGE =7V 
V+ =10V, TRIP VOLTAGE =6.4V 
V+ =5V, TRIP VOLTAGE =3V 


NOTE: PIN 5, 8, 20, IF NOT USED, SHOULD BE CONNECTED TO PIN 6. 


Figure 1. Single Supply Operation 
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APPLICATIONS INFORMATION 
ANALOG CONSIDERATIONS 


1. Grounding and Bypassing 


The LTC 1064 should be used with separated analog and 
digital ground planes and single point grounding 
techniques. 


Pin 6 (AGND) should be tied directly to the analog ground 
plane. 


Pin 7 (V+) should be bypassed to the ground plane with a 
0.1pF ceramic disk with leads as short as possible. Pin 19 
(V~) should be bypassed with a 0.1pF ceramic disk. For 
single supply applications, V~ can be tied to the analog 
ground plane. 


For good noise pertormance, V+ and V- must be free of 
noise and ripple. 


All analog inputs should be referenced directly to the sin- 
gle point ground. The clock inputs should be shielded 
from and/or routed away from the analog circuitry and a 
separate digital ground plane used. 


LITA 


Figure 2 shows an example of an ideal ground plane de- 
sign for a two sided board. Of course this much ground 
plane will not always be possible, but users should strive 
to get as close to this as possible. Proto boards are not 
recommended. 


2. Buffering the Filter Output 


When driving coaxial cables and 1x scope probes, the fil- 
ter output should be buffered. This is important especially 
when high Qs are used to design a specific filter. Inade- 
quate buffering may cause errors in noise, distortion, Q, 
and gain measurements, When 10x probes are used, 
buffering is usually not required. An inverting buffer is 
recommended especially when THD tests are performed. 
As shown in Figure 3, the buffer should be adequately 
bypassed to minimize clock feedthrough. 


LTC1064 


APPLICATIONS INFORMATION 
3. Offset Nulling 


Low pass filters may have too much DC offset for some 
users. A servo circuit may be used to actively null the off- 
sets of the LTC1064 or any LTC switched capacitor filter. 
The circuit shown in Figure 4 will null offsets to better 
than 300,V. This circuit takes seconds to settle because 
of the integrator pole frequency. 


SEPARATE V + POWER SUPPLY TRACE FOR BUFFER 


Figure 3, Buffering the Output of a 4th Order Bandpass Realization 


4. Noise 


All the noise performance mentioned excludes the clock 
feedthrough. Noise measurements will degrade if, the 
already described grounding, bypassing, and buffering 
techniques are not practiced. Graph 9 is a very good repre- 
sentation of the noise performance of this device. 


TO FILTER 
FIRST SUMMING 
NODE 


j C1 =C2=LOW LEAKAGE FILM (I.E. POLYPROPYLENE) = 


1 eae ae ett eS 


Figure 4. Servo Amplifier 


MODES OF OPERATION 
PRIMARY MODES 
Mode 1 


In Mode 1, the ratio of the external clock frequency to the 
center frequency of each second order section is inter- 
nally fixed at 50:1 or 100:1. Figure 5 illustrates Mode 1 pro- 
viding 2nd order notch, low pass, and bandpass outputs. 
Mode 1 can be used to make high order Butterworth low 
pass filters; it can also be used to make low Q notches and 
for cascading 2nd order bandpass functions tuned at the 
same center frequency with unity gain. Mode 1 is faster 
than Mode 3. Note that Mode 1 can only be implemented 
with 3 of the 4 LTC1064 sections because section D has no 


— fe. Re R3 


Rt =p 


Figure 5. Mode 1: 2nd Order Filter Providing Notch, Bandpass, 
Low Pass 


= SOK 6p ot Hoe ~_B3, 
fo= 100(50) fn=foi Hovp= — RT: Hopp= — Ry ‘Honi= — 
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MODES OF OPERATION 


externally available summing node. Section D, however, 
can be internally connected in Mode 1 upon special 
request. 


Mode 3 


Mode 3 is the second of the primary modes. In Mode 3, the 
ratio of the external clock frequency to the center fre- 
quency of each 2nd order section can be adjusted above 
or below 50:1 or 100:1. Side D of the LTC1064 can only be 
connected in Mode 3. Figure 6 illustrates Mode 3, the 
classical state variable configuration, providing high 
pass, bandpass, and low pass second order filter func- 
tions. Mode 3 is slower than Mode 1. Mode 3 can be used 
to make high order all-pole bandpass, low pass, high pass 
and notch filters. 


MODE 3 (100:1): foo OK a -Q= B R : Honp= —R2/R1; 
Hopp= —R3/R1; Hopp= ~R4/Rt 


1.005(VR2/R4) 


fy 10K [RZ ge 
a (R2/R3)—(R2/16RA) ' 


MODE 3 (50:1): a ha 


Hoyp= —R2/R1; Hogp= — Hore= —R4/R1 


RO/R1_. 
1—(R3/16R4) " 
NOTE: THE 50:1 EQUATIONS FOR MODE 3 ARE DIFFERENT FROM THE EQUATIONS 
FOR MODE 3 OPERATION OF THE LTC1059, LTC1060 AND LTC1061. START WITH 
fo, CALCULATE R2/R4, SET R4; FROM THE Q VALUE, CALCULATE R3: 


R= TOE Fs 7 : THEN CALCULATE Rt TO SET 
1.005 {RZ , RZ THE DESIRED GAIN. 
a VRS * 16rd 


Figure 6. Mode 3: 2nd Order Filter Providing High Pass, 
Bandpass, Low Pass 


When the internal clock to center frequency ratio is set at 
50:1, the design equations for Q and bandpass gain are dif- 
ferent from the 100:1 case. This was done to provide speed 
without penalizing the noise performance. 


SECONDARY MODES 


Mode 1b 


Mode 1b is derived from Mode 1. In Mode 1b, Figure 7, two 
additional resistors R5 and R6, are added to alternate the 
amount of voltage fed back from the low pass output into 
the input of the SA (or SB or SC) switched capacitor sum- 
mer. This allows the filter clock to center frequency ratio 
to be adjusted beyond 50:1 or 100:1. Mode 1b maintains 
the speed advantages of Mode 1. 


Mode 2 


Mode 2 is a combination of Mode 1 and Mode 3, as shown 
in Figure 8, With Mode 2, the clock to center frequency 
ratio, fork/fo, is always less than 50:1 or 100:1. The advan- 
tage of Mode 2 is that it provides less sensitivity to resis- 
tor tolerances than does Mode 3. As in Mode 1, Mode 2 has 


fo= =Slk RB. 4 g=A3, [ RE. 
9 F00(50) \Y AS -+ RE" 8" RZ RS + AB 


eee fcuk) _ _ R2. —R2/R1. 
Hons(t—0)=Hona ( 2 ) = —R1 HoLe= RE 7(RS + RB): 


Hoge= — BS: (R5//R6) < Ska 


Figure 7. Mode 1b: 2nd Order Filter Providing Notch, Bandpass, 
Low Pass 
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anotch output which depends on the clock frequency, and 
the notch frequency is therefore less than the center fre- 
quency, fo. 


When the internal clock to center frequency ratio is set at 
50:1, the design equations for Q and bandpass gain are dit. 
ferent from the 100:1 case. 


Mode 3A 


This is an extension of Mode 3 where the high pass and 
low pass output are summed through two external resis- 
tors Ry and R; to create a notch. This is shown in Figure 9. 
Mode 3A is more versatile than Mode 2 because the notch 


Bi MODE 2 (100:1): 


frequency can be higher or lower than the center fre- 
quency of the 2nd order section. The external op amp of 
Figure 9 is not always required. When cascading the sec- 
tions of the LTC1064, the high pass and low pass outputs 
can be summed directly into the inverting input of the next 
section. The topology of Mode 3A is useful for elliptic high 
pass and notch filters with clock to cutoff frequency ratios 
higher than 100:1. This is often required to extend the al- 
lowed input signal frequency range and to avoid prema- 
ture aliasing. 


When the internal clock to center frequency ratio is set at 
50:1, the design equations for Q and bandpass gain are dif- 
ferent from the 100:1 case. 


— feuk R2., _. feuk. 3 
fo= fap 1+ a b= Gg O= + Ay Ho ea 


Si Hone ae ‘gn = —R2/R1 


Hogp= ~R3/R1; Honil!-9)= 7 ipo ypa) ° 2 


MODE 2 (50:1): t= OK fig BR, y= SUK qe LOOT FRR) yg a Toy 


50 50 * ~ (R2/R3) —(R2/16R4) 


=R2/R1_ 
T+ (R2/R4) 


Hogp= — = Tene. Hons(f-0) = 


Hona (- ‘ax) = —R2/RI 


NOTE: THE 50:1 EQUATIONS FOR MODE 2 ARE DIFFERENT FROM THE EQUATIONS 
FOR MODE 2 OPERATION OF THE L7C1059, LTC1060 AND LTC1061. START WITH 
fo, CALCULATE R2/R4, SET R4; FROM THE Q VALUE, CALCULATE R3: 


174 LTC1064 


Ag= —_-R2___. - THEN CALCULATE 1 TO SET THE DESIRED GAIN. 


ae 1005 7, Re, Re 
= 1 2. 
“a Vit Ra * “terd 


Figure 8. Mode 2: 2nd Order Filter Providing Notch, Bandpass, Low Pass 


Ce MODE 3A (10:1): fy= fou Be; f= Ou + Hoye = —R2/R1; Hogp= —R3/R1 
4}------4 : 
x fa f gL R2 
Hops: —R4/R1; Hona(f~+0) = 5 # : Hone (- ‘gs) RX Rr 
Rg is R 
Hontt = fo) = =n (% Hour at : O= @ fe 


MODE 3A (50:1): tg= “04K Je n= 10 Ve : Hone é '8) = pare 


ROE i eee ee eT Or 1.005(VR37RA) 
Bane Blagg F/R O= “7g — (R16) 


Vin’ 


NOTE: THE 50:1 EQUATIONS FOR MODE 3A ARE DIFFERENT FROM THE EQUATIONS 
FOR MODE 3A OPERATION OF THE LTC1059, LTC1060 AND LTC1061. START WITH 


1/4 LTC1064 fo, CALCULATE R2/R4, SET R4, FROM THE Q VALUE, CALCULATE R3: 


Re 
R3= - - THEN CALCULATE 81 TO SET 
aay L005 (RZ RZ” THe DESIRED GAIN. 


Rh a VR4~ 16R4 


EXTERNAL OP AMP OR 
INPUT OP AMP OF THE 
LTC1064, SIDE A, B, C, D 


Figure 9. Mode 3A: 2nd Order Filter Providing High Pass, Bandpass, Low Pass, Notch 
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Wideband Bandpass: Ratio of High to Low Comer Frequency Equal to 2 Amplitude Response 


RESISTOR VALUES 


R11=16k R21 = 16k R31=7.32k  R41=10k 
R12 = 10k R22 = 10k R32=22.6k R42 = 13.3k 
R13=29.2k = R23=13.3k = RBB=Z1.5k =——-RAI'= 10k 
R14=6.8k R24 =20k R34=15.4k = R44 =32.4k 


NOTE 4: FOR top> 3MHz, USE C1 =C2 =22pF 


Quad Bandpass Filter with Center Frequency Equal to fo, 2fo, 3fo, 4fo Amplitude Response 


GAIN (dB) 


0 10k 20k 30k 40k 50k 
fin (Hz) 


RESISTOR VALUES 


R1i=249k = R24=10k = R31 = 249k 
R12=249k = =R22=10k —R32= 249k 
R13=499k = R23=10k = RB3=174k =: R43 = 17.8 
R14=453k = R24=10k = R34= 249k = R44 = 40.2k 
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8th Order Bandpass Filter with 2 Stopband Notches 


Ri2 


-S5VT0 ~-8V 


RESISTOR VALUES 


R11 =46 95k = R21 = 10k R31 = 38 25k R41 =11 81k 
RI12=93 93k R22 = 10k R32 = 81 5k R42 = 14 72k 
Rh2 =6 9k RI2 = 27 46k 


R23 = 16 3k R33 = 70 3k R43 = 10k 
Rh = 69 7k RI3 = 17 9k 
R24 = 13 19k R34 = 39 42k R44 = 10 5k 


NOTE 1 THE V* V_ PINS SHOULD BE BYPASSED WITH A 0 1yF-0 22yF CERAMIC DISC RIGHT 
AT THE PINS 

NOTE 2 THE RATIOS OF ALL 1R2/R4) RESISTORS SHOULD BE MATCHED TO BETTER THAN 0 25% 
THE REMAINING RESISTORS SHOULO BE BETTER THAN 0 5% ACCURATE 


C-Message Filter 


R13 


0 tuF 


- 
3 5795MH2 
16 


Vin 


RESISTOR VALUES Vout 
R11 =88 7k = -R2V=10k «AB = 357k «ABT = 8B 7k 
RI2=10k —-R22=44 Bk «—-ABZ=39 2k —-AAP= 24 Gk 
RI9=15 8k R23=489k ABB=EISK ——RA= 25 Sk 
R14=158k —R24=44 Bk «ABS = 1G Sk «——RAA = 74 Ok 


10 


° 


GAIN {dB} 
8 


Amplitude Response 

Vg= 25V 
ferk=1 28MHz 
PIN 17 ATV + 

+—4 4. Lt 

+ Ty + 
ff tH H 
me 
5k 10k 20k = 40k 100k 


INPUT FREQUENCY {Hz} 


Amplitude Response 


fy (Hz) 
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8th Order Chebyshev Low Pass Filter with a Passband 
Ripple of 0.1dB and Cutoff Frequency up to 100kHz Amplitude Response 


—5V TO —8V 
a aie 
foyks5MRz = 


fcux=5MHz 


PASSBAND RIPPLE =0. 


Vout 


10k 100k 1M 
fin (Hz) 


RESISTOR VALUES 


R11=100.86k R21=16.75k R31=23,6k R41=99.73k 
R12=25.72k R22=20.93k R32=45.2k R42=25.52k 
R13=16.61k R23=10.18k R33=68.15k R43=99.83k 
R14=13.84k R24=11.52k RB4=17.72k R44=25.42k 


NOTE 1: FOR {c_x >3MHz, ADD C2 = 10pF ACROSS R42 
C3= 10pF ACROSS R43 
C4=10pF ACROSS R44 


WIDEBAND NOISE = 170pVams 


8th Order Clock Sweepable Low Pass 
Elliptic Antialiasing Filter Amplitude Response 


Rh1 


fox s2MHz"T~ 


—7.5V 


0 10k 20k 30k 40k =S0k 60k «70k 
FREQUENCY (Hz) 


8TH ORDER CLOCK SWEEPABLE LOW PASS 
ELLIPTIC ANTIALIASING FILTER MAINTAINS, 
FOR 0.1Hz<tcurore<20kHz, A +0.1dB MAX. 
PASSBAND ERROR AND 72dB MIN. STOPBAND 
ATTENUATION AT 1.5 x fcurorr- 

TOTAL WIDEBAND NOISE = 150:V pus, 

THD =700B (0.03%) FOR Vin=3VRMs, 


RESISTOR VALUES foux/tcurorr = 100:1. THIS FILTER AVAILABLE 
R11 =19.1k R21 =10k R31 =13.7k R41 = 15.4k AS LTC1064-1 WITH INTERNAL THIN FILM 
hil =30.9k Rit = 14k R22 = 10k 832 =23.7k RESISTORS. 


R42=10.2k Rh2=76.8k —Rl2 = 26.7k R23 =11.3k 
R33 = 84.5k R43 = 10k 
Rh3 = 60.2k RI3 = 10k 
R24 =15.4k R34 =15.2k R44 =42.7k 


NOTE: FOR fpyrore > 15kHz, ADD A SpF 
CAPACITOR ACROSS R41 AND R43 
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Dual 4th Order Bessel Filter with 140kHz Cutoff Frequency Amplitude Response 


R13 


TT 


-30 


}. 


—45 


| 
2 
GAIN (dB) 


O.1yF 


Lh 
| CTI 
++ 44+ 4 


7MHz CLOCK “D7 -60 
Vour2 iB 
—105 LL 
10k 100k 1M 
Vina fin (Hz) 
RESISTOR VALUES 
RV=14.3k = R21=13k = RBT=7.5k RAT = 10k 
RI2=15.4k —-R22=15.4K —-RB2=TSK «R42 = 10k 
R13=3.92k R23=20k —-R33=27.4k R43 = 40K 
R14=3.92k R24=20k = -RB4=6.8K R44 = 10k 
WIDEBAND NOISE =64:V pqs 
fcix__ 08 Amplitude R 
8th Order Linear Phase (Bessel) Filter with hen mplitude Response 
f-3dB 1 
Vin 0 
- 
7) 
8 
2-45 it 
& 
-60 
_5 toik=4.5MHz 
ferk=50% DUTY CYCLE 
99 [1-308 = 70kHz | 
a Vs= +8V 
—105 
10k 100k 1M 
fin (Hz) 
FROM 
PIN 20 


RESISTOR VALUES 


Alt =34.8k R21 =34.8k R31 =14.3k R41 =40.2k 
R1i2=10.5k R22 =45.3k R32 =22.1k R42 =39.2k 
Ri3=12.7k R23 =34.8k R33 =24.3k R43=20k 
RIi4=20k R24=34.8k A34=13.3k R44 =20k 


WIDEBAND NOISE =70,V ays 
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Dual 5th Order Chebyshev Low Pass Filter 
with 50kHz and 100kHz Cutoff Frequencies Amplitude Response 


NI 


it 


HN 


NW 


ALN 
wei 
rl 
10k 50k 100k 1M 
fin (H2) 
RESISTOR VALUES 
Rila=4.32k =—- R141 1b = 27.4k R21=11.8k = R31=29.4k R41=10k 
R12=10.5k R22 =20k R32 =21.5k R42 =31.6k 
Rt3a=3k R13b=29.4k = R2B=1t.BK | RBG=28.4k «= RAD-= 10k 
Rt4=10.5k R24=20k R34=21.6k R44=31.6k 
Clock Tunable, 30kHz to 90kHz 8th Order Notch 
Filter Providing Notch Depth in Excess of 60dB Amplitude Response 


Vg= 48V 
fouk=4MHz 


0 
10k 20k = 30k = 40k 50k 60k = 70k 
yy (Hz) 


RESISTOR VALUES 

R11 =50k R21 =5k R31 =50k 

R12=15.4k = R22=10k R32 =88.7k R42 =48.7k 

R13=10k R23= 10k R33= 100k 

Ri4=9.09k R24=10k R34 =63.4k R44 =12.4k Rh4 0.1% 


Rg =68.1k Rh4 = 10k (0.1%) Rid = 10k (0.1%) 
€1=C2=C3= 15pF 


THE NOTCH DEPTH FROM SkHz TO 30kHz IS S0dB 
WIDEBAND NOISE =300nV pms 


LI Wee 7-87 


LTC1064 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
24-Lead Ceramic DIP 


0.290 0.320 


(7.366 ~8.128) 


; 


0.225 
6.715) 


0.060 +0.005 
(s2420.127) 
TYP 


0.125 0,020 ~0.070 
(0.508 ~ 1.778) 
“an ny 
0.008—0.012 a Gl 
95° 25° - 70.203 0.305) | 
ee? 
be Boe >| 0.085 | o1o020.010 0.018 + 0.008 
(2.413) (2,540 £0254) (0.457 #0,076) 
MAX TYP 
esos 
N Package 
24-Lead Plastic DIP 
0.260 +0.005 
(6.604 a 127) ae 
{ RAD 
0.300 
(7.620) 
0,020, 0.130 + 0.005, 0.040-+0.010 
ines TP 3.302 20.127) ae iret eH 
’ a ia 
t i isa 
MIN 


9.009 -0.015 
{0.229 —0.381) 
86°94" 
WP 
++0,025 
0.325 9.015 | 0.125, 0.085 40.015 _ \ 0.10020.016 cal 0.018 20.903 
0.65) Bim (1651+0.381) (2.540 0.254) (0.457 £0,076) 
(2.255 +9 35: MIN 
208 
24-Lead Plastic SOIC 
NO_OF LEADS "A DIM. A - 
76 G05-0.415, 
(09.033—10.547), | 18 14:13:12 at 10 = “2 
% 0.450 —0.470 RHE 
| iram= 98) 
2 
ma SEE NOTE 0,304 ~0.419 
(15-240—15 6275 NX 0.643} 
2B 700 -0.715 i 
| Gr70= 18.16%) 
PEC oU 
0.291029 12345678 
(73017 595) 0.093—0.104 
232-2} 7 
om 0.010-0.029 ge 0.037 ~0.045 
Ca of x SOE aot 


NOTE: 

PIN 1 IDENT, NOTCH ON TOP AND CAVITIES 
ON THE BOTTOM OF PACKAGE ARE THE 
MANUFACTURING OPTIONS. THE PART 
MAY BE SUPPLIED WITH OR WiTHOUT 
ANY OF THE OPTIONS. 


- 


0,009 -0.013 
029-930} 


° TYP 


Rie 
—) 


ii 
| | 


0.050 0.004—0.012 
oe i0.02-0308) 
a0m~0.018 
(0.356 — 0.482) 


somes 
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( J LINE f\| ) LTC1064-1 
TECHNOLOGY Low Noise, 8th Order, Clock 


Sweepable Elliptic Lowpass Filter 


FEATURES DESCRIPTION 

= 8th Order Filter in a 14-Pin Package The LTC1064-1 is an 8th order, clock sweepable elliptic 
a No External Components (Cauer) lowpass switched capacitor filter. The passband 
w= 100:1 Clock to Center Ratio ripple is typically + 0.15dB, and the stopband attenuation 
w 150.Vems Total Wideband Noise at 1.5 times the cutoff frequency is 68dB or more. 


w 0.03% THD or Better 


wm 50kHz Maximum Corner Frequency An external TTL or CMOS clock programs the value of the 


= Operates from +2.37V to +8V Power Supplies filter's cutoff frequency. The clock to cutoff frequency ra- 


u Passband Ripple Guaranteed Over Full Military tiois 100-1. 
Temperature Range No external components are needed for cutoff frequen- 
cies up to 20kHz. For cutoff frequencies over 20kHz two 
low value capacitors are required to maintain passband 


APPLICATIONS flatness. The LTC1064-1 features low wideband noise and 
ee low harmonic distortion even for input voltages up to 
= Antialiasing Filters 3Vems. In fact the LTC1064-1 overall performance com- 


= Telecom PCM Filters petes with equivalent multi op amp RC active realizations. 


The LTC 1064-1 is available in a 14-pin DIP or 16-pin surface 


mounted SOL package. 
The LTC 1064-1 is pin compatible with the LTC1064-2. 
TYPICAL APPLICATION aes | 
8th Order Clock Sweepable Lowpass 
Elliptic Antialiasing Filter Frequency Response 


CLOCK (TTL, 
<< 5MHz) 


Vour/Vin 


Vout 


NOTE: THE POWER SUPPLIES SHOULD BE BYPASSED BY A 0. 1pF 
CAPACITOR CLOSE TO THE PACKAGE. 0 5 0 15 2 2 3 35 4 


FOR SERVO OFFSET NULLING APPLICATIONS, PIN 1 1S THE 2ND FREQUENCY (kH2) 


STAGE SUMMING JUNCTION. 
*FOR CUTOFF FREQUENCY ABOVE 20kHz, USE COMPENSATION 8TH ORDER CLOCK SWEEPABLE LOWPASS ELLIPTIC ANTIALIASING 


CAPACITORS (5pF-56pF) BETWEEN PINS 13 AND 1 AND 6 AND 7. FILTER MAINTAINS, FOR 0.1Hz =sfcurorrs 10kHz, a 20.15dB 
PASSBAND RIPPLE AND 72dB STOPBAND ATTENUATION AT 


1.50 x tcuToFF 
TOTAL WIDEBAND NOISE =150uV ays, THD =0.03% FOR 
Vin=1Vams: 
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ABSOLUTE MAXIMUM RATINGS 


Total Supply Voltage(V+ toV-).... a, 16.5V 
Power Dissipation ...............ccccceseaeeeeaes 400mW 
Storage Temperature Range............. - 65°C to 150°C 
Lead Temperature (Soldering, 10sec.).............. 300°C 
Operating Temperature Range 
LTC1064-1M oo... cece ec eca ease encase - 55°C to 125°C 
LTC1084-10 . 0... eee ee eeseeee ea ees ~ 40°C to 85°C 


PACKAGE/ORDER INFORMATION 


ORDER PART 
NUMBER 


TOP VIEW 


LTC1064-1MJ 
LTC1064-1CJ 
LTC1064-1CN 


(T1064-1 


N PACKAGE 
14-LEAD PLASTIC DIP 


J PACKAGE 
14-LEAD CERAMIC DIP 


TOP VIEW 


LTC1064-1CS 


LTC1064-1 


S PACKAGE 
16-LEAD PLASTIC SOL 


ELECTRICAL CHARACTERISTICS 


Vs = +7.5V, fork = 1MHz, Rj = 10k0, Cj = 10pF, Ta = 25°, TTL or CMOS clock input level unless otherwise specified. 


+ 


PARAMETER CONDITIONS [ MIN TYP MAX UNITS 
Passband Gain, LTC 1064-1, 1A Referenced to 0dB, 1Hz to 0.1f¢ e +01 +£0.35 dB 
Gain TempCo 0.0002 aBi°C 
Passband Edge Frequency, fc 10+1% kHz 
Gain at fe Referenced to Passband Gain 

LTC1064-1 e -1.25 0.85 dB 

LTC1064-1A e -0.75 0.65 dB 
—3dB Frequency 10.7 kHz 
Passband Ripple (Note 1} 0.1fc to 0.85f¢ Referenced to Passband Gain, 

LTC1064-1 Measured at 6.25kHz and 8.5kHz e £0.15 £0.32 dB 

LTC1064-1A e +01 +0.19 dB 
Ripple TempCo 0.0004 dBI°C 
Stopband Attenuation At 1.5f¢, Referenced to 0dB 

LTC1064-1 e 66 72 dB 

LTC1064-1A e 68 72 dB 
Stopband Attenuation At 2fc, Referenced to 0dB 

LTC1064-1 e 67 72 dB 

LTC1064-1A e 68 72 | _oB 
Input Frequency Range 0 foixl2 kHz 
Output Voltage Swing and Vg = +2.37V ° -1.0 1 v 
Operating Input Voltage Range Vs= +5V e -3.2 3.2 7 

Vg = +7.5V |e | ~5.0 5.2 V 
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ELECTRICAL CHARACTERISTICS 


Vs = + 7.5V, fox = 1MHz, Ry = 10k0, C= 10pF, Ta = 25°, TTL or CMOS clock input level unless otherwise specified. 


PARAMETER 
Total Harmonic Distortion 


Vg = +5V, Input = 1Vays at 1kHz 
Vg = + 7.5V, Input = 3Vpys at 1kHz 


Wideband Noise Vg = +5V, Input = GND 1Hz-999kHz 
Vg = + 7.5V, Input = GND 1Hz~999kHz 
Output DC Offset Vs = +7.5V, Pin 2 Grounded 
LTC1064-1 mV 
LTC1064-1A mV 
Output DC Offset TempCo |_ Vs= #5V 


Input Impedance 
Output impedance 
Output Short Circuit Current 


four= 10kHz 
Source/Sink 


Clock Feedthrough 
Maximum Clock Frequency 50% Duty Cycle, Vg= +7.5V 
Power Supply Current Vg = +2.37V 


Vs= +5V 


Vs = +8V 
Power Supply Voltage Range 


The @ denotes the specifications which apply over the full operating 
temperature range. 


Note 1: For tighter specifications please contact LTC Marketing. 


TYPICAL APPLICATIONS 


Graph 1. Gain vs Frequency Graph 2. Phase vs Frequency Graph 3. Group Delay 
500 
450 
| 400 
% 350 
ima" 00 
a & 260 
& 200 
B 150 
| 400 
fgg = 10.7kHz Pp 50 
rcoN  ® 
ot 2 3 45 6 789 *0N 6012 34 5 6 7 8 G 10 11 12 
FREQUENCY (kHz) FREQUENCY (kHz) FREQUENCY (kHz) 
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TYPICAL APPLICATIONS 


Graph 4. Gain vs Frequency 


Graph 5, Gain vs Frequency 


Graph 6. Gain vs Frequency 
- 


0 
A.touy = 2MHz f¢ = 20kHz 
COMP1 NOT USED GOMP2 = 20pF 


B.fo.x=3MHz f¢=30kHz 
COMP1 = 24pF COMP2 = 36pF 

— 90 Fo fey y=4MHz fc = 40kHz 
sos L_SOMPt=36pF COMP2=470F | 


: A. fork =3MHz 


#18 * Vg= £7.5V HH 
es Vg= 47.5V | | Sane 
= Presa 730 Ftp Losec aol) ec cerie iil 
kJ [=4) 3 = 
245 8 ys | HS _ 4g Loomer =3apF Ly 
FA A | ANY FE compa=sepr FYI P| il 
. | 5 
-6 6 20 Fp, 25°¢ GAIN PEAK =0.4dB AT 30KH2 i 
A 


100 1 
FREQUENCY (kHz) 


f= 30kHz 
ath COMP1 = 10pF COMP2 = 15pF 

B. fork =4MHz to =40kH2 
COMP1 = 20pF COMP? =30pF 
~90 76. tojy=5MHz f¢=50kHz 


COMP1 =30pF COMP2 = 47pF 
— 105 f LL -35 


10 
FREQUENCY (kHz) 


B. 125°C GAIN PEAK = 1.00B AT 35kHz 


- + 


ESE ioe 


100 1 100 


10 
FREQUENCY (kHz) 


Graph 8. Total Harmonic 


Graph 7. Typical Wideband Noise 
(151pVpms) Vs = + 5V Ta = 25°C 
fork = 1MHz fc = 10kHz Input Grounded 


RANGE: =51 dBY AVERAGE COMPLETE 
MIREROAD HO18E RMS" 188 


hz STOP: 26 208 Mr 
BO 151.4 Wire 


RANGED 11 aBY —STATUSI PaUSED 
[cuted 


WUE 95.405 hz 
118.0) a 


Distortion (0.025%) Vs = +7.5V 
Ta = 25°C fork = 1MH2 fo = 10kHz 
Input = 1kHz at 3Vpys 


Graph 9. Power Supply Current vs 
Power Supply Voltage 
on Tu 


44 feu = {MHz 


POWER SUPPLY CURRENT (mA) 


— 55°C 
a pene 
16 125°C | 1 | 
STOP: 1@ SOG Hz 12 
THE? 1. r 
8b 
| | 

4 a 
ot Ei Jt 

0 2 4 6 8 10 12 14 16 18 20 22 24 


OTAL POWER SUPPLY VOLTAGE (V) 


PIN DESCRIPTION 
Power Supply Pins (4, 12) 


The V* (pin 4) and V- (pin 12) should be bypassed with a 
0.1nF capacitor to an adequate analog ground. Low noise, 
non-switching power supplies are recommended. To avoid 
latch up when the power supplies exhibit high turn-on 
transients, a 1N5817 schottky diode should be added from 
the V* and V~ pins to ground, Figure 1. 


Clock Pin (11) 


For +5V supplies the logic threshold level is 1.4V. For 
+ 8V and OV to 5V supplies the logic threshold levels are 


2.2V and 3V respectively. The logic threshold levels vary 
+100mV over the full military temperature range. The 
recommended duty cycle of the input clock is 50% al- 
though for clock frequencies below 500kHz the clock ‘‘on” 
time can be as low as 200ns. The maximum clock fre- 
quency for +5V supplies is 4MHz. For +7V supplies and 
above, the maximum clock frequency is 5MHz. Do not al- 
iow the clock levels to exceed the power supplies. For 
clock level shifting, see Figure 3. 


Analog Ground Pins (3, 5) 


For dual supply operation these pins should be connected 
to a ground plane. For single supply operation both pins 
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PIN DESCRIPTION 


should be tied to one half supply, Figure 2. Also pins 8 and 
10, although they are not internally connected should be 
tied to analog ground or system ground. This improves the 
clock feedthrough performance. 


Connection Pins (7, 14) 


A very short connection between pins 14 and 7 is recom- 
mended. This connection should be preferably done under 
the IC package. in a breadboard, use a one inch, or less, 
shielded coaxial cable; the shield should be grounded. In a 
PC board, use a one inch trace or less; surround the trace 
by a ground plane. 


Compensation Pins (13 and 1, 6 and 7) 


For filter cutoff frequencies higher than 20kHz, in order to 
minimize the passband ripple, compensation capacitors 
should be added between pins 6 and 7 (comp1) and pins 1 
and 13 (comp2). For comp! (comp2), add 1pF (1.5pF) mica 


Figure 1. Using Schottky Diodes to Protect the IC 
from Power Supply Spikes. 


capacitor for each kHz increase in cutoff frequency above 
90kHz. For more details refer to graphs 4, 5, and 6. 


Input, Output Pins (2, 9) 


The input pin 2 is connected to an 18k@ resistor tied to the 
inverting input of an op amp. Pin 2 is protected against 
static discharge. The device’s output, pin 9, is the output 
of an op amp which can typically source/sink 3/1mA. Al- 
though the internal op amps are unity gain stable, driving 
long coax cables is not recommended. 


When testing the device for noise and distortion, the out- 
put, pin 9, should be buffered, Figure 4. The op amp power 
supply wire (or trace) should be connected directly to the 
power source. 


NC Pins (8, 9) 


The “no connection” pins preferably should be grounded. 


Figure 2.. Single Supply Operation. If Fast Power Up or Down 
Transients are Expected, Use a 1N5817 Schottky Diode 
Between Pins 4 and 5. 
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PIN DESCRIPTION 


POWER SOURCE 
Vt ya 


O.1pF 


RECOMMENDED OP AMPS: [ 
171022, LT318, T1056 = 


Figure 4. Buffering the Filter Output. The Buffer Op Amp Should Not Share the 
LTC1064-1 Power Lines. 


TYPICAL APPLICATIONS 


Transitional Elliptic-Bessel 10th Order Lowpass Filter 
C 


47.5k = 3 


C= = — (ul) 
~30B 
Vin © OUTPUT WIDEBAND NOISE: 1102V ays 
Transient Response to a 2V Step Input Amplitude Response 
Horizontal: 0.1ms/Div 


Vertical: 1V/Div 
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TYPICAL APPLICATIONS 


Transitional Elliptic-Bessel Dual 5th Order Lowpass Filter 


Fe 


v- 


fork =200 xf _ 398 


Vout2 


5 


c= 
+C= | Wl 
© OUTPUT WIDEBAND NOISE: 50xV ams 
Ving © OUTPUT2 WIDEBAND NOISE: 110Vams 
Transient Reponse to a 2V Step input 
Horizontal: 0.1ms/Div 


Vertical: 1V/Div Amplitude Response 


fin (KHz) 


Adding an Output Butfer-Filter to Eliminate Any Clock Feedthrough 
Over a 10:1 Clock Range, for fc = 2kHz to 20kHz 
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Pp AC KA GE DE SCR | Pp TION Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
14-Lead Ceramic DIP 


= 0.785, 
(19.939) 
MAX 


9.005, 
(0.13) 


0.220 -0.310 
(5.588—7.874) 
9.230-0,320, 
(7378.13) 0.200 
(5,080) 
x 
hed we 
o°-18° 
0.008 -0.018 
e 2050 460) 
0.385 + 0.025. 0.014 -0.026 0.1002 0.070 
(9.779=0.635) (036-066) (7540-4 0.254) 0128: 
0.038 ~0.068 ie 
(9651-727) 
svete 


N Package 
14-Lead Plastic DIP 


0.250 0.010 
(6.350 £0254) 


0.300-0.320 : aah 
*77.620~8.128) 0.020 ; 
0.525, (0-508) 
ea B.175) MIN _0.130=0.005 


MIN + (3.302 £0 127) 


0.009 ~0.015 0.075 40.015 0.018 + 0.008 
{0.229-0.381) | (1-905 20.381) be wel sess 457 20.076) 
+0,025 
0.325 “9.018 | __ 0.100 40.910 
0.635 (2.540 = 0.254) 
255 79-839) wee 
S Package 
16-Lead Plastic SOL 
0.398-0.413 
(10. 108 10.490) 
16 15 14 13 12 1110 9 
oq 
NOTE 
PIN 1 IDENT, NOTCH ON TOP ANO CAVITIES 
ON THE BOTTOM OF PACKAGE ARE THE 
MANUFACTURING OPTIONS. THE PART 
WAY BE SUPPLIED WITH OR WITHOUT 8.304 0.410 _ 
ANY OF THE OPTIONS (10,007 - 10.643) 
0.291-0.299 
(7-391— 7.595) 0.093—-0.104 
igo toe 0.037—0.045 
. ah ciel (0940-7143) 

1 \ = cree, 
0.009-0.013 7 en 0.004-0.012 
(0.229=0.330) See NOTE Lan {0.102—0.305) 

0.014—0.019 
0.016~0.050 0.014 —0.019 
(0:406- 1.270} (0.956 ~ 0.482) srewi8e 
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SECTION 8—INSTRUMENTATION AMPLIFIERS 


INDEX ics asia gia tign eet ets wel patel acca ek nen te reel Bata Oe edge ON BD oe ea Boke the a 8-2 
PROPRIETARY PRODUCTS 
1101043, Dual instrumentation Switched-Capacitor Building BIOCK .... 2.00... oo ccc ccc cc cece ceeececececeeecveeces 11-15 
LTC1100, Precision, Single Supply, Instrumentation Amplifier (Fixed Gain = 100)... 000... c ccc ccc ccc ccccccccccccececes 13-35 
T1101, Precision, Micropower, Single Supply Instrumentation Amplitier (Fixed Gain = 100r 100) .... 00.00... c ccc ccc ecvvceecc ee 13-36 


T1102, High Speed, JFET input Instrumentation Amplifier (Fixed Gain = 10 or 100) 
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SECTION 9—DATA CONVERSION 


UNDE 25 ec piniste estaba gt os each Oe ala what Sh, By Hil Sop hacln Sis gd aerate aenh naateadeges Wek ete netesucborace eyes an a 9-2 
SELECTION GUIDE eect rr 9-3 
PROPRIETARY PRODUCTS 
LTC1090, Single Chip 10-Bit Data Acquisition System... 00. e ccc cece cee c bbb bbb bb opp 9-5 
LTC1091, 1-Channel, 10-Bit Serial 1/0 Data Acquisition System... <6. occ ccc cece e cece cbc c ove eee 9-29 
LTC1092, 2-Channel, 10-Bit Serial 1/0 Data Acquisition System... 6.0.0 ooo eevee cece cv vce bcc 9-29 
L7C1093, 6-Channel, 10-Bit Serial 1/0 Data Acquisition OV SIOIN 2 cay a icin hz Shisha onsen sake daeg h etecas ee nd ina Pe oes net Sala eet 9-29 
LTC 1094, 8-Channel, 10-Bit Serial 1/0 Data Acquisition System... 6.66.0 c cece ccc vec b cobb bebe 9-29 
LTC1095, Complete 10-Bit Data Acquisition System with On Board Reference ..... ooo ooo ccc ccc ec ev cece cece cece eee. 9-57 
LTC1099, High Speed 8-Bit A/D Converter with Built-in Sample-and-HOld ooo ec c ccc vec cece eb ee cece ee, 9-81 
LTC1290, Single Chip 12-Bit Data Acquisition System ©0060 e deve eee e bebe vb oboe 13-62 
L7C1291, 1-Channel, 12-Bit Serial 1/0 Data Acquisition System... 6... ooo ove vce ec be ccc vv vv bce eee, 13-70 
L7C1292, 2-Channel, 12-Bit Serial |/0 Data Acquisition System o.oo ccc cece cette cece ve bv vc v bebe c eee. 13-70 
1701293, 6-Channel, 12-Bit Serial 1/0 Data Acquisition System . 00.000. ccc cece cee cece cece reece, 13-70 
L7C1294, 8-Channel, 12-Bit Serial 1/0 Data Acquisition System ..................... 8 Sako yay 1 eRe Seige pence dee Cea hace a wes Goat 13-70 
SECOND SOURCE PRODUCTS 
LF198A/LF398A, Precision Sampleand Hold Amplifier 0.0. c bebe bbb bobo bbb bb bebe eee o-O7 
LF198/LF398, Precision Sample and Hold Amplifier... 00.0... cece cee cece bebe eee c obec b bec b bebe pee. 9-97 
LF398S8, Precision Sample and Hold Amplifier 00... e cence bebe cb bob b bb bby ete ee. 9-113 
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TECHNOLOGY 


MILITARY AND COMMERCIAL 


[~ TOTAL UNADJUSTED ) CONVERSION MAXIMUM PACKAGES | 
PART NUMBER | DESCRIPTION RESOLUTION ERROR TIME _| SUPPLY CURRENT | AVAILABLE |__ IMPORTANT FEATURES 
| LTC1090C, M (40 Bit Serial 10, Analog to 10 Bits + V2LSB(LTC1090A) 22us 2.5mA JN,S | 10BitA toD with Built ing 
Digital Converter with 8 Over Full Channel Analog MUX and 
Channel Multiplexer, Full Temperature Range Sample/Hold. Compatible with 
Duplex Serial Interface. All Microprocessors with Serial 
Ports. Software Configurable 
Bipolar or Unipolar Operation. 
L Full Dupiex Serial 0. 
/LTC1091C,M_ | 10 Bit Serial I/O, Analog to 10 Bits + 1/2LSB (LTC1091A) 20s 3.5mA J8,N8 | 10 Bit Ato D with Built In2 
Digital Converter with 2 Over Full Channel! Analog MUX and 
Channel Analog Multiplexer Temperature Range Sample/Hold. Compatible with 
All Microprocessors with Serial 
Ports. Unipolar Operation. 
LTc1092¢, M | 10 Bit, 8 Pin Analog to Digital 10 Bits + V2LSB (LTC10924) ] 20u8 2.5mA J8,N8 | Separate Reference Pin Allows 
Converter with Serial Output Over Full Reduced Span (Down to 200mV) 
Temperature Range Operation. Unipolar A to D 
Conversions are Performed on 
tial Input Pair. 
le with All 
essors with Serial 
a 
LTC1093C,M | 10 Bit Serial I/O, Analog to 10 Bits + 12LSB(LTC1093A) 20us 10 Bit A dg D with Built In 6 
Digital Converter with 6 Over Full alog MUX and 
Channel Multiplexer Temperature Range s \ \d. Compatible with 
@) pt icroprocessors with Serial 


Ve 


Ports. Software Configurable 
Bipolar or Unipolar Operation. 
Half Duplex Serial 1/0. 


Duplex Serial Interface. 


LTC1094C,M | 10 Bit Serial /O, Analog to f2LSB (LTC 1094, 2.5mA JN 10 Bit A to D with Built In8 
Digital Converter Systemauiih Over [) Channel Analog MUX and 
Channel Multi Tet oO Sample/Hold. Compatible with 
S All Microprocessors with Serial 
€ V | Ports, Software Configurable 
E Bipolar or Unipolar Operation. 
a Half Duplex Serial 1/0. 
LTC1009C,M =} 8 Bit, 2p V 8 Bits +1L8B us 15mA J,N,S Built In S/H Allows Direct 
Convert ’ In Sample- Over Full Conversion of 5Vp-p Signals up 
and-Hold Temperature Range to 167kHz. Pin Compatible with 
{ | ADC0820 and AD7820, 
LTC1290C,M | 12 Bit, Serial I/O, Analog to 12 Bits + 1LSB 13ys 5mA JN,S | 12 Bit ADC with Built In 8 
Digital Converter with 8 Over Full Channel Analog MUX and 
Channel Multiplexer. Full Temperature Range Sample/Hold. Compatible with 


All Microprocessors with Serial 
Ports. Software Configurable 
Bipolar or Unipolar Operation. 
Full Duplex Serial 1/0. 


Wear 


NOTES 
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FEATURES 


= Software Programmable Features: 
Unipolar/Bipolar Conversions 
4 Differentiai/8 Single Ended Inputs 
MSB or LSB First Data Sequence 
Variable Data Word Length 
® Built-In Sample and Hold 
= Single Supply 5V, 10V or + 5V Operation 
= Direct 4 Wire Interface to Most MPU Serial Ports and All 
MPU Parallel Ports 
@ 30kHz Maximum Throughput Rate 


KEY SPECIFICATIONS 

= Resolution 10 Bits 
® Total Unadjusted Error (LTC1090A) + 1/2LSB Max 
= Conversion Time 22u8 


= Supply Current 2.5mA Max, 1.0mA Typ 


TYPICAL APPLICATION 


FOR 8051 CODE SEE 
APPLICATIONS INFORMATION SECTION 


MPU 
(e.g., 8051) 


~oV 


LTC1090 


Single Chip 10-Bit Data 
Acquisition System 


DESCRIPTION 


The LTC1090 is a data acquisition component which con- 
tains a serial I/O successive approximation A/D converter. 
It uses LTCMOS™ switched capacitor technology to per- 
form either 10-bit unipolar, or 9-bit plus sign bipolar A/D 
conversions. The 8-channel input multiplexer can be con- 
figured for either single ended or differential inputs (or 
combinations thereof). An on-chip sample and hold is in- 
cluded for all single ended input channels. 


The serial I/O is designed to be compatible with industry 
standard full duplex serial interfaces. It allows either MSB 
or LSB first data and automatically provides 2’s comple- 
ment output coding in the bipolar mode. The output data 
word can be programmed for a length of 8, 10, 12 or 16 bits. 
This allows easy interface to shift registers and a variety 
of processors. 


The LTC1090A is specified with total unadjusted error (in- 
cluding the effects of offset, linearity and gain errors) less 
than +0.5LSB. 

The LTC1090 is specified with offset and linearity less 
than +0.5LSB but with a gain error limit of + 2LSB for ap- 
plications where gain is adjustable or less critical. 

LTCMOS is a trademark of Linear Technology Corp. 


Linearity Plot 


ERROR (LSBs) 
eS 
& 


4024 
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ABSOLUTE MAXIMUM RATINGS 


PACKAGE/ORDER INFORMATION 


(Notes 1 and 2) [ ] 
ORDER PART 
Supply Voltage (Voc) toGNDOrV~......cceeeeecseeee 12V —- | __ NUMBER 
Negative Supply Voltage (V~)........0...0.. ~6V to GND 7 
Voltage LTC1090AMJ 
Analog and Reference LTC1090MJ 
INPUIS. ooo. ee eee (V~) ~0.3V to Voc +0.3V LTC1090ACJ 
Digital Inputs ...........0.cccceesaeeeees ~0.3V to 12V LTC1090CJ 
Digital Outputs............cceees ~0.3V to Voc + 0.3V LTC1090ACN 
Power Dissipation.............ccccccesseeeeceees 500mW LTC10900N 
Operating Temperature Range 
LTCI090AC, LTC10906 .............08. - 40°C to 85°C 
LTC1090AM, LTC1090M............048 - 55°C to 125°C 
Storage Temperature Range............. - 65°C to 150°C HERMETIC OP ALASTIC OP 
Lead Temperature (Soldering, 10 sec.).............. 300°C iL 
RECOMMENDED OPERATING CONDITIONS 
LTC1090/LTC1090A 
SYMBOL PARAMETER CONDITIONS MIN MAX | UNITS 
Voc Positive Supply Voltage V7 =0V 45 10 V 
Vv" Negative Supply Voltage Voc = 5V -55 0 7] 
fsck Shift Clock Frequency Voc = 5V 0 1.0 MHz 
facLk AID Clock Frequency Voc =6V fsck 2.0 MHz 
teyc Total Cycle Time ) See Operating Sequence 10SCLK + Cycles 
48 ACLK L 
thos {__Hold Time, CS Low After Last SCLK! Veo = 5V 0 ns 
tao) [Hold Time, Dy After SCLKt _[ Veo=5¥ 150 ns 
tsudS Setup Time CSI! Before Clocking in First Address Bit (Note 9) Voco= 5V 2 as Cycles 
+ 1ps 
teupi Setup Time, Dyy Stable Before SCLK! Veo = 5V 400 { ns 
twracux ACLK High Time Voc = 5V 127 ns 
twractk ACLK Low Time Veco = 5V 200 ns 
twHes CS High Time During Conversion Voc =5V 44 ACLK 
Cycles 


CONVERTER AND MULTIPLEXER CHARACTERISTICS Woies, 


LTC1090A LTC1090 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | _UNITS 
Offset Error (Note 4} +05 +0.5 LSB 
Linearity Error (Notes 4 and 5) +05 +05 LSB 
Gain Error (Note 4) +0.5 +2.0 LSB 
Total Unadjusted Error Vrer = 9.000V £05 | LSB 
(Notes 4 and 6) i 
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CONVERTER AND MULTIPLEXER CHARACTERISTICS oie 


LTC1090A LTC1090 
PARAMETER iH CONDITIONS MIN TYP MAX | MIN TYP MAX UNITS 
Reference Input Resistance | 10 10 ie kQ 
Analog and REF Input Range E| (Note 7) See) (V—-)-0.05V to Voc + 0.05V | V 
On Channel Leakage Current On Channel = SV e 1 1 uA 
(Note 8) Off Channel = 0V 
On Channel = OV e| -~4 -4 aA 
Off Channel = 5V | L 
Off Channel Leakage Current On Channel = 5V e ~1 -1 pA 
(Note 8) Off Channel = OV | 
On Channel = OV e 1 1 uA 
|__Off Channel = 5V ol 
AC CHARACTERISTICS (ote 3) 
| LrctosonTci090a 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
tacc Delay Time From CSI to Doyr Data Valid _|__ {Note 9) || 2 ACLK Cycles 
tovpL Analog Input Sample Time See Operating Sequence 5 L SCLK Cycles 
tconv Conversion Time See Operating Sequence 44 ACLK Cycles 
tupo Delay Time, SCLK! to Doyr Data Valid See Test Circuits e 250 460 ns 
tdis Delay Time, CS! to Doyr Hi-Z See Test Circuits e 140 300 ns 
ten Delay Time, 2nd CLK! to Doyr Enabled See Test Circuits e 150 400 ns 
thpo Time Output Data Remains Valid After SCLK! 50 ns 
ty Dour Fall Time See Test Circuits |e | 9 ~~ 300 ns 
tr Dour Rise Time See Test Circuits e 60 300 ns 
Cw Input Capacitance Analog Inputs On Channel 65 pF 
Off Channel 5 pF 
Digital Inputs a 5 pF 
DIGITAL AND DC ELECTRICAL CHARACTERISTICS wnote) 
im LTC1090/LTC1090A 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Vin High Level Input Voltage L Voc = 5.25V e 2.0 Vv 
Vit Low Level Input Voltage Voc= 4.75V [e 08 ie V 
li LE High Level Input Current Vin= Voc e| 2.5 pA 
te Low Level Input Current { Vin =0V ,@ -25 | pA 
Vou High Level Output Voltage Voc = 4.75V, Ip = 10pA 47 Vv 
Ip=36A | @ 24 4.0 fe V 
Voi | Low Level Output Voltage Voc = 4.75V, Ip = 1.6mA e 0.4 V 
loz Hi-Z Output Leakage Vout=Vec,.0 High e 3 uA 
4 Vour = OV, CS High e -3 L uA 
IsourcE Output Source Current Vout =0V _| -10 mA 
leink “| ___ Output Sink Current Vout = Veo 10 [ mA 
loc Positive Supply Current L CS High, REF * Open te 1.0 2.5 mA 
=e 
Irer Reference Current Vacr=5V e 05 1.0 mA 
\~ Negative Supply Current CS High, V~ = -5V Te 1 50 pA 


LTCI090 


a ee 


Note 1: Absoiute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: All voltage values are with respect to ground with DGND, AGND 
and REF ~ wired together (unless otherwise noted). 

Note 3: Voc =5V, Vper + = 5V, Vac — =0V, V~ = OV for unipolar mode and 
— §V for bipolar mode, ACLK = 2.0 MHz, SCLK = 0.5MHz unless otherwise 
specified. The @ indicates specs which apply over the full operating tem- 
perature range; all other limits and typicals T, = 25°C. 

Note 4: These specs apply for both unipolar and bipolar modes. In bipolar 
mode, one LSB is equal to the bipolar input span (2Vper) divided by 1024. 
For example, when Vper = 5V, 1LSB (bipolar) = 2(5V\/1024 = 9.77mV. 

Note 5: Linearity error is specified between the actual end points of the A/D 
transfer curve. 

Note 6: Total unadjusted error includes offset, gain, linearity, multiplexer 
and hold step errors. 


Note 7: Two on-chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 
below V~ or one diode drop above Voc. Be careful during testing at low Vg 
levels (4.5V), as high level reference or analog inputs (5V) can cause this in- 
put diode to conduct, especially at elevated temperatures, and cause errors 
for inputs near full-scale. This spec allows 50mV forward bias of either 
diode. This means that as long as the reference or analog input does not ex- 
ceed the supply voltage by more than 50mV, the output code will be correct. 
To achieve an absolute OV to 5V input voltage range will therefore require a 
minimum supply voltage of 4.950V over initial tolerance, temperature varia- 
tions and loading. 

Note 8: Channel leakage current is measured after the channel selection. 
Note 9: To minimize errors caused by noise at the chip select input, the in- 
ternal circuitry waits for two ACLK falling edges after a chip select failing 
edge is detected before responding to control input signals. Therefore, no 
attempt should be made to clock an address in or data out until the mini- 
mum chip select setup time has elapsed. 


TEST CIRCUITS 
On and Off Channel Leakage Current 


Sv 


ON CHANNEL 


OFF 
CHANNELS 


Dour 
WAVEFORM 1 
(SEE NOTE 1} 


Bout 
WAVEFORM 2 
(SEE NOTE 2) 


Voltage Waveforms for Doyz Delay Time, typo 


SCLK 0.8V 


Dour 


Dour 


NOTE 1: WAVEFORM 1 1S FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE OUTPUT 
IS HIGH UNLESS DISABLED BY THE OUTPUT CONTROL. 


NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE OUTPUT 
1S LOW UNLESS DISABLED BY THE OUTPUT CONTROL. 
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TEST CIRCUITS 


Load Circuit for tgis and ten Load Circuit for tapo, t,, and ty 


1.4V 


5V WAVEFORM 2 3kQ 
Dout TEST POINT 


aa fi WAVEFORM 1 iy 100pF 


DESCRIPTION 


The analog inputs must be free of noise with respect to AGND. 
The common pin defines the zero reference point for all single ended inputs. It must be free of 
noise and is usually tied to the analog ground plane. 

This is the ground for the internal logic. Tie to the ground plane. 

AGND should be tied directly to the analog ground plane. 

Tie V~ to most negative potential in the circuit. (Ground in single supply applications.) 

The reference inputs must be kept free of noise with respect to AGND 

A logic low on this input enables data transfer. 

The A/D conversion result is shifted out of this output. 

The A/D configuration word is shifted into this input. 

This clock synchronizes the serial data transfer. 

This clock controls the A/D conversion process. 

This supply must be kept free of noise and ripple by bypassing directly to the analog ground 
plane. 


[+ [PIN FUNCTION 


Analog Inputs 
Common 


Digital Ground 
Analog Ground 
Negative Supply 
Reference Inputs 
Chip Select input 
Digital Data Output 
Data Input 

Shift Clock 

AID Conversion Clock 
Positive Supply 


BLOCK DIAGRAM 


INPUT SHIFT OUTPUT SHIFT 
REGISTER REGISTER 


SAMPLE 
AND HOLD 


ANALOG 
INPUT 
MUX 
10-BIT 
CAPACITIVE 
DAC 


REF- REF + CONTROL 
AND 
TIMING 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Supply Current vs Supply Voltage Supply Current vs Temperature Reference Current vs Temperature 
1.4 0.6 
REF +OPEN REF +OPEN Vper=5V 
ACLK = 2MHz 
z A cS =5V at 
€ z Voo=8V = 
3 = 1.0 2 0.4 
: 8 ‘2 
K en ha] 
5 = 08 = 03 7 
ac ac J 
J o Oo 
o st pee) 
i > 0.6 2 0.2 + 
a & ts 
? 04 = 0.1 
0.2 0 
-~50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125 
SUPPLY VOLTAGE, Veg (V) AMBIENT TEMPERATURE, Ta (°C) AMBIENT TEMPERATURE, Ta (°C) 
Unadjusted Offset Error vs Linearity Error vs Reference Change in Gain Error vs Reference 
Reference Voltage Voltage Voltage 
10 
ins = 2 
Ay B x 
a me -(g 
x = 
~|8? “8 t 
n 6 a 
és g 2 
g : : 
& 3 & 3 
2 rad oa 
Bo & = 
& re iw 
oO =z = 
:| = = 
3 
Q 
f 1.0 6.0 0 1 2 3 4 5 0 1 2 3 4 5 
REFERENCE VOLTAGE, Veer (V) REFERENCE VOLTAGE, Veer (V) REFERENCE VOLTAGE, Vper (V) 
Change in Gain Error vs Supply 
Offset Error vs Supply Voltage Linearity Error vs Supply Voltage Voltage 
0.5 
Vper =4V 
Vrer=4V ACLK=2MHz 
ACLK =2MHz ze 0.25 
Vos =1.25mV @Vicc g B 
a a = 
2 = = 0 
s & z 
iB = 3 
= —0.25 
=) a = 
3B -05 
4 5 6 7 8 9 10 
SUPPLY VOLTAGE, Voc (V) SUPPLY VOLTAGE, Veg (V) SUPPLY VOLTAGE, Veg (V) 
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Change in Linearity Error 
vs Temperature 


MAXIMUM ACLK FREQUENCY* (MHz) MAGNITUDE OF OFFSET CHANGE, | AOFFSET| (LSBs) 


MAXIMUM ACLK FREQUENCY* (MHz) 


*MAXIMUM ACLK FREQUENCY REPRESENTS THE ACLK FREQUENCY AT WHICH A 0.1LSB SHIFT 
IN THE ERROR AT ANY CODE TRANSITION FROM ITS 2MHz VALUE IS FIRST DETECTED. 


Change in Offset Error 
vs Temperature 


Veco=5V 
Vper=5V 
ACLK = 2MHz 


T 


-50 -25 0 2 580 75 «100 125 


AMBIENT TEMPERATURE, Ta (°C) 


Maximum Conversion Clock Rate 


vs Temperature 
6 


a 


50 


-23 0 2 50 75 
AMBIENT TEMPERATURE, T, (°C) 


100 = 125 


Maximum Conversion Clock Rate 
vs Source Resistance 


{ill 
10 100 ik 
Resource (2 


10k 


0.6 


0.5 


Change in Gain Error 
vs Temperature 
0.6 ss 
a ae 
Vec=5V 
05 Vecr=5V 


ACLK = 2MHz 


0.4 


0.3 


0.2 


0.1 


MAGNITUDE OF LINEARITY CHANGE, | ALINEARITY | (LSBs) 


-50 ~25 0 2 50 75 100 


AMBIENT TEMPERATURE, Ta (°C) 


Maximum Conversion Clock Rate 
vs Reference Voltage 


125 


MAXIMUM ACLK FREQUENCY* (MHz) 


0 1 2 3 4 
REFERENCE VOLTAGE, Vper (V) 


Maximum Filter Resistor vs Cycle 
Time 

100k 

RFILTER 


MAGNITUDE OF GAIN CHANGE, | AGAIN| (LSBs) 


MAXIMUM ACLK FREQUENCY“ (MHz) 


Yin a 
Cruter= taF _ 

@ 10k = 
te e 
= ws 

5 t = 
a 1k = 
2 Ss 
= = 
= a 
-sS = 
= i=] 
Co 

= 100 = 
od 

wn 


10 100 1000 
CYCLE TIME, toyc {p8) 


10k 


~50 100 


-2 0 2 80 75 
AMBIENT TEMPERATURE, Ta (°C) 


125 


Maximum Conversion Clock Rate 
vs Supply Voltage 


4 5 6 7 8 9 10 
SUPPLY VOLTAGE, Voc (V) 


Sample and Hold Acquisition 
Time vs Source Resistance 


Ta=25°C 
0 TO SV INPUT STEP 


“100 1k 
Rsource * (@) 


10k 


**MAXIMUM Reitga REPRESENTS THE FILTER RESISTOR VALUE AT WHICH A 0.1LSB 
CHANGE IN FULL-SCALE ERROR FROM ITS VALUE AT Rey tea =0 IS FIRST DETECTED. 


Wen 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Digital Input Logic Threshold vs Input Channel Leakage Current vs 
Supply Voltage Temperature Noise Error vs Reference Voltage 
4 7 
| =. - Pott tt + 
JARANT & (TC 1090 NOISE = 200pV PEAK-TO-PEAK 
3 a mt ot. 
= pL S 
a ae 
3 & 
= B 
=] m0. 
Ss - 
i=} e 
f OFF CHANNE = 
“0. 
' ; 
4 5 6 7 8 9 10 -50 -25 0 25 50 75 100 125 0.2 1 5 
SUPPLY VOLTAGE, Vcc {V) AMBIENT TEMPERATURE, Ta (°C) REFERENCE VOLTAGE, Vper (V) 


APPLICATIONS INFORMATION DIGITAL CONSIDERATIONS 


The LTC1090 is a data acquisition component which con- 1. Serial Interface 


tains the following functional blocks: ; Phi 
The LTC1090 communicates with microprocessors and 


1. 10-bit successive approximation capacitive other external circuitry via a synchronous, full duplex, four 

AID converter wire serial interface (see Operating Sequence). The shift 
2. Analog multiplexer (MUX) clock (SCLK) synchronizes the data transfer with each bit 
3. Sample and hold (S/H) being transmitted on the falling SCLK edge and captured 
4. Synchronous, full duplex serial interface on the rising SCLK edge in both transmitting and receiving 
5. Control and timing logic systems. The data is transmitted and received simultane- 


ously (full duplex). 


Operating Sequence 
(Example: Differential Inputs (CH3-CH2), Bipolar, MSB First and 10-Bit Word Length) 


| 10 | 


Dw WN Eid 900/] set ]sevo} uni Juser{ wit] wL0 re CARE CQ RQ 


(58) 
SHIFT CONFIGURATION 
WORD iN 


SHIFT A/D RESULT OUT AND 
NEW CONFIGURATION WORD IN 
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Data transfer is initiated by a falling chip select (CS) 
signal. After the falling CS is recognized, an 8-bit input 
word is shifted into the Diy input which configures the 
LTC 1090 for the next conversion. Simultaneously, the re- 
sult of the previous conversion is output on the Doyt line. 
At the end of the data exchange the requested conversion 
begins and CS should be brought high. After tcony, the 
conversion is complete and the results will be available on 
the next data transfer cycle. As shown below, the result of 
a conversion is delayed by one CS cycle from the input 
word requesting it. 


Dw 
Dou 


z Data "cows Data ‘cow 
Transfer Transfer 


pieccie Conversion 


2. Input Data Word 


The LTC1090 8-bit input data word is clocked into the Dix 
input on the first eight rising SCLK edges after chip select 
is recognized. Further inputs on the Diy pin are then ig- 
nored until the next CS cycle. The eight bits of the input 
word are defined as follows: 


Unipolar! 


Data Input (Djy) Word: Bipolar 


Word Length 
SGL/ | ODD/ 
DIFF | SIGN 


Multiplexer (MUX) Address 


The first four bits of the input word assign the MUX con- 
figuration for the requested conversion. For a given chan- 
nel selection, the converter will measure the voltage 
between the two channels indicated by the + and - signs 
in the selected row of Table 1. Note that in differential 
mode (SGL/DIFF =0) measurements are limited to four 
adjacent input pairs with either polarity. In single ended 
mode, all input channels are measured with respect to 
COM. Figure 1 shows some examples of multiplexer 
assignments. 


Table 1. Multiplexer Channel Selection 
DIFFERENTIAL CHANNEL SELECTION 
asian oe an ie | 


MUX ADDRESS 
—— 


o 


SGL/ | ODD/ aa 
SIGN 0 


— —. 
aera Gers UNI | mseF | wit | WLo 
[ee | Sen | St | yen 


MUX Address MSB First? 
LSB First 


Me 


ie 


; 
0 
1 
1 
0 
0 
1 
1 


Eee 


Fagus 
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4 Differential 8 Single Ended Combinations of Differential and Single Ended 
CHANNEL CHANNEL CHANNEL 
0,1 } : y 04 { 
2 + 
2a { 3 + 2,3 
4 + 
5 + 
4,5 } 6 + : 
7 + 6 
ay } com A 


Changing the MUX Assignment “On the Fly” 


5.4 


+ 
6 + 
7 + 

COM (UNUSED) COM (~) 

1ST CONVERSION ND CONVERSION 


Figure 1. Examples of Multiplexer Options on the LTC1090 
Unipolar/Bipolar (UNI) 


The fifth input bit (UNI) determines whether the conversion put voltage. When UNI is a logical zero, a bipolar conver: 
will be unipolar or bipolar. When UNI is a logical one, a _sion will result. The input span and code assignment for 
unipolar conversion will be performed on the selected in- | each conversion type are shown in the figures below. 


Unipolar Output Code (UNI = 1) 


sot iF i A a a 
TET A OSes eas aes Seems a 


0000000001 
0000000000 


OV 1LSB Vper-2L88! Var 


i) 
Veer—1LSB 


Bipolar Output Code (UNI = 0) 


O111111111 
Qt111tt110 


1 
4 
t 
I 
t 
I 
1 
t 
i 
t 


t 
i It 
1 i 
1 1 
t i 
’ i 
1 i 
I ' 
1 t 


—Vpge-+1L8B 0000000001 
fies oi 0000000000 
—Vrer | Vv 
a N 
piettdtatd Vrer~2L8B1  Vrer 
1414111110 
Vper—1LSB 


1000000001 
1000000000 
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Unipolar Transfer Curve (UNI = 1) 


r 


INPUT VOLTAGE 
OUTPUT CODE INPUT VOLTAGE (ager =5V) 
[ adttttttti Vag - 1LSB 4.9951V 
1111111110 Vper- 2LSB 4.9902V 
e e e 
e e e 
e ° e 
0000000001 1LSB 0.0049V 
|__ 0000000000 ov ov 
Bipolar Transfer Curve (UNI = 0) 
INPUT VOLTAGE 
OUTPUTCODE | _INPUT VOLTAGE (Vper = 5V) 
01111114114 Var - 1LSB 4,9902V 
0111111110 Vper- 2LSB 4.9805V 
eo e e 
e e e 
« e e 
0000000001 1LSB 0.0098V 
0000000000 ov ov 
4444499991 ~1LSB ~0.0098V 
1111111110 -21SB -0.0195V 
e e s 
e es ° 
e e e 
1000000001 — (Ver) + 1LSB — 4.9902V 
1000000000 | (rer) —5.000V 


MSB First/LSB First Format (MSBF) 


The output data of the LTC1090 is programmed for MSB 
first or LSB first sequence using the MSBF bit. For MSB 
first output data the input word clocked to the LTC 1090 
should always contain a logical one in the sixth bit loca- 
tion (MSBF bit). Likewise for LSB first output data, the in- 
put word clocked to the LTC1090 should always contain a 
zero in the MSBF bit location. The MSBF bit in a given Din 
word will contro! the order of the next Doyr word. The 
MSBF bit affects only the order of the output data word. 
The order of the input word is unaffected by this bit. 


MSBF 
0 | 
1 | 


OUTPUT FORMAT 
LSB First | 
MSB First | 


Word Length (WL1, WL0) 


The last two bits of the input word (WL1 and WLO) program 
the output data word length of the LTC 1090. Word lengths 
of 8, 10, 12 or 16 bits can be selected according to the fol- 
lowing table. The WL1 and WLO bits in a given Diy word 


LTC1090 


control the length of the present, not the next, Dour word. 
WL1 and WLO are never “don’t cares” and must be set for 
the correct Doyt word length even when a “dummy” Din 
word is sent. On any transfer cycle, the word length should 
be made equal to the number of SCLK cycles sent by the 
MPU. 


OUTPUT WORD LENGTH 
0 0 8 Bits 
0 1 10 Bits 
1 0 12Bits 
1 é 1 + 16 Bits 
Figure 2 shows how the data output (Dour) timing can be 


controlled with word length selection and MSB/LSB first 
format selection. 


WLi WLO 


3. Deglitcher 


A deglitching circuit has been added to the Chip Select in- 
put of the LTC1090 to minimize the effects of errors 
caused by noise on that input. This circuit ignores 
changes in state on the CS input that are shorter in dura- 
tion than 1 ACLK cycle. After a change of state on the CS 
input, the LTC 1090 waits for two falling edges of the ACLK 
before recognizing a valid chip select. One indication of 
CS low recognition is the Dour line becoming active (leav- 
ing the Hi-Z state). Note that the deglitching applies to 
both the rising and falling CS edges. 


HIGH Z | 
Dout VALID OUTPUT 


LOW CS RECOGNIZED 
INTERNALLY 


ACLK | | t f { | | | | f 
| 
! 
cs Wy { 
i 
| 
J 
HIGH Z 


HIGH CS RECOGNIZED 
INTERNALLY 


Wen 
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8-Bit Word Length 
tsmpt tconv 
cs 
SCLK POLL LS 
(SB) 
Dour THE LAST TWO BITS 
MSB FIRST 89 [88 | 87 | 86 | 85 | 483 | Be ARE TRUNCATED 
(sat 80 | 81] 82] 83 B4 | 85 | BG | 87 
10-Bit Word Length 
. 'SMPL tcony 
cs 
SCLK 1 10 
(SB) 
MsB agut so | B8 | 87 | 86 | B5 | B4¢ B83 | B2 | Bt | BO 
(SB) 
LSB our Bo } 81] 82} B3 64 | B5 | B6 | B7 | 88 | B9 
12-Bit Word Length 
ISMPL tony 
ts 
SCLK 1 9) 2] 
(SB) 
Dour FILL 
MSB FIRST Bo | B8 | B7 | BE | B5 | B4 B83 | B2 | Bt | BOT 7zeRoES 
($8) 
ian poe so] 61} 62] 83 384] 85] 86} e7] Bf so] * «* 
16-Bit Word Length 
Ismet ‘CONV 
cs 
SCLK 1 ‘0 16 
(SB) 
Dour FILL 
usent-—I 69 [ss [67 [ss [55 | 2 3 [2 | 5: [0 | ZEROES 
(SB) 
isp rig eo] et} 82,83 e4]asjseje7]esje9}* * * * * * 


*IN UNIPOLAR MODE, THESE BITS ARE FILLED WITH ZEROES. 
(N BIPOLAR MODE, THE SIGN BIT IS EXTENDED INTO THESE LOCATIONS. 


Figure 2. Data Output (Dour) Timing with Different Word Lengths 
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4, CS Low During Conversion 


In the normal mode of operation, CS is brought high during 
the conversion time (see Figure 3). The serial port ignores 
any SCLK activity while CS is high. The LTC1090 will also 
operate with CS low during the conversion. In this mode, 
SCLK must remain low during the conversion as shown in 
Figure 4, After the conversion is complete, the Dour line 


will become active with the first output bit. Then the data 
transfer can begin as normal. 


5. Microprocessor Interfaces 


The LTC1090 can interface directly (without external hard- 
ware) to most popular microprocessor (MPU) synchronous 


tsaept. 
MUX 40 T0 44 ACLK are | emanate mi NW Anpeise i as 
; Fe ok en se 


Din se [2007 st SS Pon wiser] wer [wo KW, WW SARE QW CaF ELEN FFE ow Tas5F] ms FMT CC 


Bo } B8 | 87 | BG BS] 64} B3 | 82 | Bt } BO 


Figure 3. CS High During Conversion 


Dour go | 88 | 87 | Be | es | B4 683 | B2 | Bt | AO 
SHIFT tsmt 
X SAMPLE 


SHIFT RESULT OUT 
\- be 
40 TO 44 ACLK CYCLES ‘AND NEW ADDRESS as 


SCLK PLU LALLA seer must reaai cow PULL LILI 
eq SEL/ SEL SEL SGL/ SEL 
Ow YoierfO00/] Tyo J um mar [wes WL RQ AAG T CARER NW 1 [Se UNI MsBF] wt [OK CO 


Dour 89 | B8 | 87 | BG FBS 164 =6B3 | B2 | BI] BO 


Figure 4. CS Low During Conversion 


LER 
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serial formats (see Table 2). If an MPU without a serial in- 
terface is used, then 4 of the MPU’s parallel port lines can 
be programmed to form the serial link to the LTC1090. In- 
cluded here are three serial interface examples and one 
example showing a parallel port programmed to form the 
serial interface. 


Table 2. Microprocessors with Hardware Serial 
Interfaces Compatible with the LTC1090** 


PART NUMBER TYPE OF INTERFACE 
| Motorola 
MC6805S2, S3 SPI 
MC68HC11 SPI 
MC68HC05 SPI 
RCA 
CDP6BHC05 [spi | 
Hitachi 
HD6305 SCI Synchronous 
HD63705 SCI Synchronous 
HD6301 SCI Synchronous 
HD63701 SCI Synchronous 
HD6303 SCI Synchronous 
National Semiconductor 
COP400 Family MICROWIRET 
COP800 Family MICROWIRE/PLUST 
NS8050U MICROWIRE/PLUS 
HPC16000 Family | MICROWIRE/PLUS 
Texas Instruments 
TMS7002 Serial Port 
™MS7042 Serial Port 
TMS70C02 Serial Port 
TMS70C042 Seriat Port 
™S32011* Serial Port 
TMS32020* Serial Port 


*Requires external hardware 
**Contact factory for interface information for processors not on this list 
tMICROWIRE and MICROWIRE/PLUS are trademarks of National 
Semiconductor Corp. 


Serial Port Microprocessors 


Most synchronous serial formats contain a shift clock 
(SCLK) and two data lines, one for transmitting and one for 
receiving. In most cases data bits are transmitted on the 
falling edge of the clock (SCLK) and captured on the rising 
edge. However, serial port formats vary among MPU man- 
ufacturers as to the smallest number of bits that can be 
sent in one group (e.g., 4-bit, 8-bit or 16-bit transfers). They 
also vary as to the order in which the bits are transmitted 
(LSB or MSB first). The following examples show how the 
LTC1090 accommodates these differences. 


National MICROWIRE (COP420) 


The COP420 transfers data MSB first and in 4-bit incre- 
ments (nibbles). This is easily accommodated by setting 
the LTC1090 to MSB first format and 12-bit word length. 
The data output word is then received by the COP420 in 
three 4-bit blocks with the final two unused bits filled with 
zeroes by the LTC1090. 


Hardware and Software Interface to National Semiconductor 
COP420 Processor 


LTC1090 cOP420 


ANALOG 
INPUTS 


Dour from LTC1090 stored in COP420 RAM 


MSBt 
Location A B9 B8 B7 B6| first 4 bits 
LocationA+1 |B5 B4 B3 B2) — second 4bits 
LSB 
LocationA+2 |B1 BO 0 0| _ third 4bits 
$89 is MSB in unipolar or sign bit in bipolar 
[ MNEMONIC DESCRIPTION | 
LEI Enable SIO 
sc Set Carry flag 
OGi GO is set to 0 (CS goes low) 
LDD Load first 4 bits of Diy to ACC 
XAS Swap ACC with SIO reg. Starts SK Clk 
LDD Load 2nd 4 bits of Diy to ACC 
NOP Timing 
XAS Swap first 4 bits from A/D with ACC. SK continues. 
XIS Put first 4 bits in RAM (location A) 
NOP Timing 
XAS Swap 2nd 4 bits from A/D with ACC. SK continues. 
XI$ Put 2nd 4 bits in RAM (location A + 1) 
RC Clear Carry 
NOP Timing 
XAS Swap 3rd 4 bits from A/D with ACC. SK off 
XiS Put 3rd 4 bits in RAM (location A + 2) 
OGI GO is set to 1 (CS goes high) 
LEI Disable SIO 
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Motorola SPI (MC68HC05C4) 


The MC68HC05C4 transfers data MSB first and in 8-bit in- 
crements. Programming the LTC1090 for MSB first format 
and 16-bit word length allows the 10-bit data output to be 
received by the MPU as two 8-bit bytes with the final 6 un- 
used bits filled with zeroes by the LTC 1090. 


Hardware and Software Interface to Motorola MC68HC05C4 
Processor 


LTC1090 


MC68HCOSC4 


ANALOG 
INPUTS 


Dour from LTC1090 stored in MC68HC05C4 RAM 


MSB* 
[B9 B8 B7 B6 BS B4 B3 B2| byte 
LSB 


LocationA+1 |BiB0 0 0 0 0 0 O}| byte2 


*B9 is MSB in unipolar or sign bit in bipolar 


Location A 


LDA Load Dyy for LTC1090 into ACC 

STA Load Djy from ACC to SPI data reg. Start SCK 

t 

NOP 8 NOPs for timing 

| 

LDA Load contents of SPI status reg. into ACC 

LDA Load LTC1090 Doyr from SPI data reg. into ACC (byte 1) 


STA Load LTC1090 Doyz into RAM (location A) 


STA Start next SPI cycle 
t 
NOP 6 NOPs for timing 
| 
BSET n C0 is set (CS goes high) 
LDA Load contents of SPI status reg, into ACC 
LDA Load LTC1090 Doyr from SPI data reg. into ACC (byte 2) 
| STA Load LTC1090 Doyr into RAM (location A + 1) 4 


[ MNEMONIC DESCRIPTION i 
BCLRn C0 is cleared (CS goes low) 


Hitachi Synchronous SCI (HD63705) 


The HD63705 transfers serial data in 8-bit increments, LSB 
first. To accommodate this, the LTC1090 is programmed 
for 16-bit word length and LSB first format. The 10-bit out- 
put data is received by the processor as two 8-bit bytes, 
LSB first. The LTC1090 fills the final 6 unused bits (after 
the MSB) with zeroes in unipolar mode and with the sign 
bit in bipolar mode. 


Hardware and Software Interface to Hitachi HD63705 Processor 


LTC1090 


4063705 


ANALOG 
INPUTS 


Dour from LTC1090 stored in HD63705 RAM 
LSB 


B7 B6 BS B4 B3 B2 Bi BO! byte1 


Sign<—_———_—_—_ 


LocationA+1 |B9 B9 B9 B9 B9 B9 B9 B8) byte2 


Bipolar 


Location A 


LSB 


B7 B6 BS B4 B3 B2 B1 BO) byte1 


MSB 


Location A +1 000 0 0 0 BO BB | byte2 


Unipolar 


Location A 


DESCRIPTION 

Load Djy word for LTC1090 into ACC from RAM 
CO cleared (CS goes low) 

Load Djy word for LTC1090 into SCI data reg from ACC 
and start clocking data (LSB first) 


6 NOPs for timing 


Load contents of SCI data reg into ACC (byte 1) 
Start next SCI cycle 

Load LTC1090 Doyy word into RAM (Location A) 
Timing __ 

C0 set (CS goes high). 

Load contents of SCI data reg into ACC (byte 2) 
Load LTC1090 Doy; word into RAM (Location A + 1) 


owe 
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Parallel Port Microprocessors 


When interfacing the LTC1090 to an MPU which has a 
parallel port, the seria! signals are created on the port with 
software. Three MPU port lines are programmed to create 
the CS, SCLK and Djy signals for the LTC1090. A fourth 
port line reads the Dour line. An example is made of the 
Intel 8051/8052/80C252 family. 


Intel 8051 


To interface to the 8051, the LTC1090 is programmed for 
MSB first format and 10-bit word length. The 8051 gener- 
ates CS, SCLK and Dyn on three port lines and reads Dout 
on the fourth. 


Hardware and Software Interface to Intel 8051 Processor 


{7C1090 


ANALOG 
INPUTS 


Dour from LTC1090 stored in 8051 RAM 


MSB* 
R2 [B9 B8 B7 B6 BS B4 B3 B2| 
(SB 


R3 B1B0 00000 0 


*B9 is MSB in unipolar or sign bit in bipolar 


SERIAL DATA 
uP 


8 CHANNELS 


2.10 
——— 
QUTPUT PORT 
3 3 
U 


8 CHANNELS 


8051 Code 
[| SCMNEMONIC = |_~——CDESCRRIPTION 


MOV P1,#02H Initialize port 1 (bit 1 is made 
an input) 


CLR P1.3 SCLK goes low 

SETB P1.4 CS goes high 
CONTINUE: MOVA,#0DH Diy word for the LTC 1090 is 

placed in ACC. 

CLR P1.4 CS goes low 

MOV R4,#08 Load counter 

NOP Delay for deglitcher 
LOOP: MOVC, P11 Read data bit into carry 

RLCA Rotate data bit into ACC 

MOV P1.2,C Output Djy bit to LTC1090 

SETB P1.3 SCLK goes high 

CLR P1.3 SCLK goes low 

DJNZ R4, LOOP Next bit 

MOV R2,A Store MSBs in R2 

MOV C, P1.1 Read data bit into carry 

CLRA Clear ACC 

RLCA Rotate data bit into ACC 

SETB P1.3 SCLK goes high 

CLR P13 SCLK goes low 

MOV C, P1.1 Read data bit into carry 

RRC A Rotate right into ACC 

RRCA Rotate right into ACC 

MOV R3, A Store LSBs in R3 

SETB P1.3 SCLK goes high 

CLR P13 SCLK goes low 

SETB P1.4 CS goes high 

MOV R5,#07H Load counter 

DJNZ R5, DELAY Delay for LTC 1090 to perform 


conversion 
Repeat program 


AJMP CONTINUE 


6. Sharing the Serial Interface 


The LTC1090 can share the same 3 wire serial interface 
with other peripheral components or other LTC1090s (see 
Figure 5). In this case, the CS signals decide which 
LTC1090 is being addressed by the MPU. 


3 WIRE SERIAL 
INTERFACE TO OTHER 
PERIPHERALS OR LTC 1090s 


8 CHANNELS 


Figure 5. Several LTC1090s Sharing One 3 Wire Serial Interface 
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ANALOG CONSIDERATIONS 


1. Grounding 


The LTC1090 should be used with an analog ground plane 
and single point grounding techniques. 


Pin 11 (AGND) should be tied directly to this ground plane. 


Pin 10 (DGND) can also be tied directly to this ground 
plane because minimal digital noise is generated within 
the chip itself. 


Pin 20 (Vcc) should be bypassed to the ground plane with a 
4.7,F tantalum with leads as short as possible. Pin 12(V~} 
should be bypassed with a 0.1yF ceramic disk. For single 
supply applications, V~ can be tied to the ground plane. 


Itis also recommended that pin 13 (REF ~) and pin 9 (COM) 
be tied directly to the ground plane. All analog inputs 
should be referenced directly to the single point ground. 
Digital inputs and outputs should be shielded from and/or 
routed away from the reference and analog circuitry. 


Figure 6 shows an example of an ideal ground plane de- 
sign for a two sided board. Of course this much ground 
plane will not always be possible, but users should strive 
to get as close to this ideal as possible. 


2. Bypassing 


For good performance, Vcc must be free of noise and rip- 
ple. Any changes in the Vcc voltage with respect to analog 
ground during a conversion cycle can induce errors or 
noise in the output code. Vcc noise and ripple can be kept 
below 1mV by bypassing the Voc pin directly to the analog 
ground plane with a 4.7yF tantalum with leads as short as 
possible. Figures 7 and 8 show the effects of good and 
poor Vcc bypassing. 


3. Analog Inputs 


Because of the capacitive redistribution A/D conversion 
techniques used, the analog inputs of the LTC1090 have 
Capacitive switching input current spikes. These current 
spikes settle quickly and do not cause a problem. 


LTC1090 


HORIZONTAL: 10ys/DIV 


Figure 7. Poor Vcc Bypassing. Noise and Ripple 
can Cause A/D Errors 


VERTICAL: 0.5mV/DIV 


HORIZONTAL: 10ps/DIV 


Figure 8. Good Voc Bypassing Keeps Noise and Ripple 
on Vcc Below imV 
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However, if large source resistances are used or if slow 
settling op amps drive the inputs, care must be taken to in- 
sure that the transients caused by the current spikes set- 
tle completely before the conversion begins. 


Source Resistance 


The analog inputs of the LTC1090 look like a 60pF capaci- 
tor (Cin) is series with a 5000 resistor (Roy) as shown in 
Figure 9. Cin gets switched between the selected “+” and 
“.” inputs once during each conversion cycle. Large ex- 
ternal source resistors and capacitances will slow the set- 
tling of the inputs. It is important that the overall RC time 
constants be short enough to allow the analog inputs to 
completely settle within the allowed time. 


Vint 


2 


Rsource— INPUT 


= 


Figure 9. Analog Input Equivalent Circuit 


SAMPLE 


“4” INPUT MUST 
SETTLE DURING THIS TIME 


“+” Input Settling 


This input capacitor is switched onto the “ +” input during 
the sample phase (tsqpi, see Figure 10). The sample phase 
starts at the 4th SCLK cycle and lasts until the falling edge 
of the last SCLK (the 8th, 10th, 12th or 16th SCLK cycle 
depending on the selected word length). The voltage on 
the “+” input must settle completely within this sample 
time. Minimizing Rsource* and C1 will improve the input 
settling time. If large “+” input source resistance must be 
used, the sample time can be increased by using a slower 
SCLK frequency or selecting a longer word length. With 
the minimum possible sample time of 4n8, Rsource* <2k 
and C1 <20pF will provide adequate settling. 


“—” Input Settling 


At the end of the sample phase the input capacitor 
switches to the “-” input and the conversion starts (see 
Figure 10). During the conversion, the “+” input voltage is 
effectively “held” by the sample and hold and will not af- 
fect the conversion result. However, it is critical that the 
“_” input voltage be free of noise and settle completely 
during the first four ACLK cycles of the conversion time. 
Minimizing Rsqurce~ and C2 will improve settling time. If 
large “ —” input source resistance must be used, the time 
allowed for settling can be extended by using a slower 
ACLK frequency. At the maximum ACLK rate of 2MHz, 
Rsource~ <1k@ and C2<20pF will provide adequate 
settling. 


HOLD 


' 


MUX ADDRESS e t 
: SHIFTED IN SMPL 


cs eee 
SCLK 1 2 3 4 


ACLK eee 


| 


eee j | j L- LAST SCLK (8TH, 10TH, 12TH OR 16TH DEPENDING ON WORD LENGTH) 


1 2 3 4 


1ST BIT 
TEST 


‘*—"" INPUT MUST SETTLE 
DURING THIS TIME 


“ae” INPUT j 
=") (INPUT h 


Figure 10. “+” and “—~” Input Settling Windows 
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Input Op Amps 


When driving the analog inputs with an op amp it is im- 
portant that the op amp settle within the allowed time (see 
Figure 10). Again, the “+” and “~” input sampling times 
can be extended as described above to accommodate 
slower op amps. Most op amps including the LT1006 and 
.T1013 single supply op amps can be made to settle well 
even with the minimum settling windows of 4ys (+” 
input) and 2us (““—” input) which occur at the maximum 
clock rates (ACLK = 2MHz and SCLK = 1MHz). Figures 11 
and 12 show examples of adequate and poor op amp 
settling. 


VERTICAL: 5mV/DIV 


HORIZONTAL: 1pS/DIV 


Figure 11. Adequate Settling of Op Amp Driving Analog input 


VERTICAL: S5mV/DIV 


HORIZONTAL: 20n8/DIV 


Figure 12. Poor Op Amp Settling can Cause A/D Errors 


RC Input Filtering 


It is possible to filter the inputs with an RC network as 
shown in Figure 13. For large values of Cr (¢.g., 1nF), the 
capacitive input switching currents are averaged into a 
net DC current. Therefore, a filter should be chosen with a 
small resistor and large capacitor to prevent DC drops 
across the resistor. The magnitude of the DC current is ap- 
proximately {pc =60pF x Vin/tcyc and is roughly propor- 
tional to Vi. When running at the minimum cycle time of 
33xS, the input current equals 9A at Vin=5V. In this case, 
a filter resistor of 500 will cause 0.1LSB of full-scale error. 
If a larger filter resistor must be used, errors can be elim- 


inated by increasing the cycle time as shown in the typical 
curve of Maximum Filter Resistor vs Cycle Time. 


Figure 13. RC Input Filtering 
Input Leakage Current 


Input leakage currents can also create errors if the source 
resistance gets too large. For instance, the maximum in- 
put leakage specification of TwA (at 125°C) flowing 
through a source resistance of 1k? will cause a voltage 
drop of imV or 0.2LSB. This error will be much reduced 
at lower temperatures because leakage drops rapidly 
(see typical curve of Input Channel Leakage Current vs 
Temperature). 


Noise Coupling into Inputs 


High source resistance input signals (>5000) are more 
sensitive to coupling from external sources. It is prefer- 
able to use channels near the center of the package {i.e 
CH2-CH7) for signals which have the highest output re- 
sistance because they are essentially shielded by the pins 
on the package ends (DGND and CHO). Grounding any un- 
used inputs (especially the end pin, CHO) will also reduce 
outside coupling into high source resistances. 


4. Sample and Hold 
Single Ended Inputs 


The LTC1090 provides a built-in sample and hold (S&H) 
function for all signals acquired in the single ended mode 
(COM pin grounded). This sample and hold allows the 
LTC1090 to convert rapidly varying signals (see typical 
curve of S&H Acquisition Time vs Source Resistance}. The 
input voltage is sampled during the tsp time as shown in 
Figure 10. The sampling interval begins after the fourth 
MUX address bit is shifted in and continues during the 
remainder of the data transfer. On the falling edge of the 
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final SCLK, the S&H goes into hold mode and the conver- 
sion begins. The voltage will be held on either the 8th, 
10th, 12th or 16th falling edge of the SCLK depending on 
the word length selected. 


Differential Inputs 


With differential inputs or when the COM pin is not tied to 
ground, the A/D no longer converts just a single voltage 
but rather the difference between two voltages. In these 
cases, the voltage on the selected “+” input is still sam- 
pled and held and therefore may be rapidly time varying 
just as in single ended mode. However, the voltage on the 
selected “‘—” input must remain constant and be free of 
noise and ripple throughout the conversion time. Other- 
wise, the differencing operation may not be performed 
accurately. The conversion time is 44 ACLK cycles. There- 
fore, a change in the “ ~” input voltage during this interval 
can cause conversion errors. For a sinusoidal voltage on 
the “—” input this error would be: 


VERROR (MAX) = VPEAK X 2X 7 X f(""~”) x 44/facLK 


Where f(‘‘-”) is the frequency of the ‘“—” input voltage, 
Vpeak is its peak amplitude and facik is the frequency of 
the ACLK. In most cases Vearor will not be significant. 
For a 60Hz signal on the “-” input to generate a 1/4LSB 
error (1.25mV) with the converter running at ACLK = 2MHz, 
its peak value would have to be 150mV. 


5. Reference Inputs 


The voltage between the reference inputs of the LTC1090 
defines the voltage span of the A/D converter. The refer- 
ence inputs look primarily like a 10k resistor but will have 
transient capacitive switching currents due to the 
switched capacitor conversion technique (see Figure 14). 
During each bit test of the conversion (every 4 ACLK cy- 
cles), a capacitive current spike will be generated on the 
reference pins by the A/D. These current spikes settle 
quickly and do not cause a problem. However, if siow set- 
tling circuitry is used to drive the reference inputs, care 
must be taken to insure that transients caused by these 
current spikes settle completely during each bit test of the 
conversion. 


When driving the reference inputs, three things should be 
kept in mind: 


1. The source resistance (Rout) driving the reference in- 
puts should be low (less than 10) to prevent DC drops 
caused by the 1mA maximum reference current (Iper). 


tho 


. Transients on the reference inputs caused by the 
capacitive switching currents must settle completely 
during each bit test (each 4 ACLK cycles). Figures 15 
and 16 show examples of both adequate and poor set- 
tling. Using a slower ACLK will allow more time for the 
reference to settle. However, even at the maximum 
ACLK rate of 2MHz most references and op amps can 
be made to settle within the 2ys bit time. 


oo 


It is recommended that the REF ~ input be tied directly 
to the analog ground plane. If REF~ is biased at a volt- 
age other than ground, the voltage must not change 
during a conversion cycle. This voltage must also be 
tree of noise and ripple with respect to analog ground. 


Figure 14. Reference Input Equivalent Circuit 


VERTICAL: 0.5mV/DIV 


HORIZONTAL: tys/DIV 


Figure 15. Adequate Reference Settling 


VERTICAL: 6.5mV/DIV 


HORIZONTAL: 128/DIV 
Figure 16. Poor Reference Settling Can Cause A/D Errors 
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6. Reduced Reference Operation 


The effective resolution of the LTC1090 can be increased 
by reducing the input span of the converter. The LTC1090 
exhibits good linearity and gain over a wide range of refer- 
ence voltages (see typical curves of Linearity and Gain 
Error vs Reference Voltage). However, care must be taken 
when operating at low values of Vper because of the re- 
duced LSB step size and the resulting higher accuracy re- 
quirement placed on the converter. The following factors 
must be considered when operating at low Vpgr values. 


1. Conversion speed (ACLK frequency) 
2. Offset 
3. Noise 


Conversion Speed with Reduced Vper 


With reduced reference voltages, the LSB step size is re- 
duced and the LTC1090 internal comparator overdrive is 
reduced. With less overdrive, more time is required to per- 
form a conversion. Therefore, the maximum ACLK fre- 
quency should be reduced when low values of Vacr are 
used. This is shown in the typical curve of Maximum Con- 
version Clock Rate vs Reference Voltage. 


Offset with Reduced Vagr 


The offset of the LTC1090 has a larger effect on the output 
code when the A/D is operated with reduced reference 
voltage. The offset (which is typically a fixed voltage) be- 
comes a larger fraction of an LSB as the size of the LSB is 
reduced. The typical curve of Unadjusted Offset Error vs 
Reference Voltage shows how offset in LSBs is related to 
reference voltage for a typical value of Vog. For example, a 
Vos of 0.5mV which is 0.1LSB with a 5V reference be- 


comes 0.5LSB with a 1V reference and 2.5LSBs with a 0.2V 
reference. If this offset is unacceptable, it can be cor- 
rected digitally by the receiving system or by offsetting 
the “ -” input to the LTC1090. 


Noise with Reduced Vacr 


The total input referred noise of the LTC1090 can be re- 
duced to approximately 200xV peak-to-peak using a 
ground plane, good bypassing, good layout techniques 
and minimizing noise on the reference inputs. This noise 
is insignificant with a 5V reference but will become a 
larger fraction of an LSB as the size of the LSB is reduced. 
The typical curve of Noise Error vs Reference Voltage 
shows the LSB contribution of this 200,V of noise. 


For operation with a 5V reference, the 200,V noise is only 
0.04LSB peak-to-peak. In this case, the LTC1090 noise will 
contribute virtually no uncertainty to the output code. 
However, for reduced references, the noise may become a 
significant fraction of an LSB and cause undesirable jitter 
in the output code. For example, with a 1V reference, this 
same 200xV noise is 0.2LSB peak-to-peak. This will reduce 
the range of input voltages over which a stable output 
code can be achieved by 0.2LSB. If the reference is further 
reduced to 200mvV, the 200uV noise becomes equal to one 
LSB and a stable code may be difficult to achieve. In this 
case averaging readings may be necessary. 


This noise data was taken in a very clean setup. Any setup 
induced noise (noise or ripple on Vcc, Ver, Vin or V~) will 
add to the internal noise. The lower the reference voltage 
to be used, the more critical it becomes to have a clean, 
noise-free setup. 


TYPICAL APPLICATIONS 
A “Quick Look” Circuit for the LTC 1090 


Users can get a quick look at the function and timing of 
the LTC1090 by using the following simple circuit. REF+ 
and Dyy are tied fo Voc selecting a 5V input span, CH7 asa 
single ended input, unipolar mode, MSB first format and 
16-bit word length. ACLK and SCLK are tied together and 


driven by an external clock. CS is driven at 1/64 the clock 
rate by the CD4520 and Dour outputs the data. All other 
pins are tied to a ground plane. The output data from the 
Dour pin can be viewed on an oscilloscope which is set up 
to trigger on the falling edge of CS. 
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A “Quick Look” Circuit for the LTC 1090 


¢D4520 


oe 
TO OSCILLOSCOPE 


SNEAK-A:BIT™ 


The LTC1090’s unique ability to software select the polar- 
ity of the differential inputs and the output word length is 
used to achieve one more bit of resolution. Using the cir- 
cuit below with two conversions and some software, a 2’s 
complement 10-bit + sign word is returned to memory in- 
side the MPU. The MC68HC05C4 was chosen as an exam- 
ple; however, any processor could be used. 


Scope Trace of LTC 1090 “Quick Look” Circuit 
Showing A/D Output of 0101010101 (155yey) 


Sout 


DEGLITCHER MSB (SB FILLS 
TIME (B9) (BO) ZEROES 


VERTICAL: 2V/DIV 
HORIZONTAL: 2us/DIV 


Two 10-bit unipolar conversions are performed: the first 
over a 0 to 5V span and the second over a0 to -5V span 
(by reversing the polarity of the inputs). The sign of the in- 
put is determined by which of the two spans contained it. 
Then the resulting number (ranging from — 1023 to +1023 
decimal) is converted to 2’s complement notation and 
stored in RAM. 


SNEAK-A-BIT Circuit 


OTHER CHANNELS 
OR SNEAK-A-BIT 
INPUTS 


Vin 
—5V 10 +5V 


SNEAK-A-BIT is a trademark of Linear Technology Corp. 


10 nF 
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SNEAK-A-BIT 


Vin 


Vin (+) CHE 


18ST CONVERSION 
(~) cH? 1024 STEPS 


SOFTWARE 


ISTCONVERSION gy LJ gy —  w 


2047 STEPS 


2ND CONVERSION 


Vv — 
s t= )ete 1024 STEPS 


(+) CH7 


= -5V —5V 
2ND CONVERSION 


SNEAK-A-BIT Code 


Dour from LTC 1090 in MC68HC05C4 RAM 
Sign 


Location$77 /B10 B9 B8 87 Bé6 BS B4 B3 


LSB 
B2 Bi B0 


Location $87 filled with 0s 


Din words for LTC1090 


MSBF 
MUX Addr. UNI 
(ODDISIGN) | 


Dni | 0 0 1 1 14 17 1 


Word 
Length 


] 


Din 2 0 114 1 «4 «141 «1~«1 


Din3 


Sneak-A-Bit Code for the LTC1090 Using the MC68HC05C4 


DESCRIPTION 


Configuration data for SPCR 


LDA #$50 


STA $0A Load configuration data into $0A 

LDA #$FF Configuration data for port C DDR 

STA $06 Load configuration data into port C DDR 
BSET 0, $02 Make sure CS is high 

JSR READ-/+ |Dummy read configures LTC1090 for next 


read 
Read CH6 with respect to CH7 
Read CH? with respect to CH6 
Determines which reading has valid data, 
converts to 2’s complement and stores in 
RAM 


JSR READ+/- 
JSR READ-/+ 
JSR CHK SIGN 


Sneak-A-Bit Code for the LTC 1090 Using the MC68HC05C4 


[—wnewonic J DESCRIPTION 


Load MSBs from LTC 1090 into ACC 
Store MSBs in $71 

Load LSBs from LTC1090 into ACC 
Store LSBs in $72 

Return 

Load Diy word for LTC1090 into ACC 


Load MSBs from LTC1090 into ACC 
Store MSBs in $73 
Load LSBs from LTC1090 into ACC 
Store LSBs in $74 
Return 
CS goes low 
Load Djy into SPI. Start transfer 
TST Test status of SPIF 
BPL Loop to previous instruction if not done 
LDA Load contents of SPI data reg into ACC 
STA Start next cycle 
STA Store MSBs in $60 
TST Test status of SPIF 
BPL Loop to previous instruction if not done 
BSET 0, $02 CS goes high 
LDA $0C Load contents of SPI data reg into ACC 
STA $61 Store LSBs in $61 
RTS Return 
: LDA $73 Load MSBs of +/~ read into ACC 
ORA $74 Or ACC (MSBs) with LSBs of +/- read 
BEQ MINUS If result is 0 goto minus 
CLC Clear carry 
ROR $73 Rotate right $73 through carry 
ROR $74 Rotate right $74 through carry 
LDA $73 Load MSBs of +/- read into ACC 
STA $77 Store MSBs in RAM location $77 
LDA $74 Load LSBs of +/- read into ACC 
STA $87 Store LSBs in RAM location $87 
BRA END Goto end of routine 
cLo Clear carry 
ROR $71 Shift MSBs of -/+ read right 
ROR $72 Shift LSBs of -/+ read right 
COM $71 1's complement of MSBs 
COM $72 1’s complement of LSBs 
LDA $72 Load LSBs into ACC 
ADD #$01 
STA $72 
CLRA 
ADC $71 
STA $71 
STA $77 


Add with carry to MSBs. Result in ACC 
Store ACC in $71 

Store MSBs in RAM location $77 

LDA $72 Loac LSBs in ACC 

STA $87 Store LSBs in RAM location $87 

RTS Return 
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PACKAGE DESCRIPTION dimensions in inches (millimeters) wisetacens noted, 


J20 Package Ceramic DIP 


(5.588 — 7.874) (0.635) 


RAD TYP 
0.160 


amt aus 
(36687128) | SEALANT 
0.015 0.060 0.200 
(0.381— 1.524) a 
MAX 
0°-15° } 
0.008 —0.018 0,080 0.038-0.068 |, | 0.1000.010 
(0.203—0.487) 0.125 (2.032) (0.985—1.727) (2.540 40.254) 
8.175) MAX 
0,385 + 0.025 MIN 0.014—0.026 
19.779-£0.635) (0-356 0.600) rte 
1,040 
(6.416) 
MAX 
0.250 40.010 
(6.350 0.254) 
0.130 + 0,005 9.065, 
0,900-0.320 EC SPURET (1.651) 
(7.620 —8.128) 000 
(0.508) 


MIN FP 


0.009-0.915. 1.045 0.065, 
(0.229 0.381) an (1.143-7-651) 0.100-£0.010. 
ait (2.540 0.254) 
+0.025 
9.325 _ 9.015 0.065 +0.015 0.018 40.003, 
@ 255 40-635) (1.651 + 0.381) (0.457 + 0.076) 20108 
255 9 381 
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LTC1IO91/LTC1092 
nt j \2 LTC1093/LTC1094 


1,2, 6 and 8 Channel, 10-Bit 


Serial |/O Data Acquisition Systems 


FEATURES 


= Programmable Features 
Unipolar/Bipolar Conversions 
Differential/Single Ended Multiplexer Configurations 
= Sample and Holds 
® Single Supply 5V, 10V or + 5V Operation 
® Direct 3 or 4 Wire Interface to Most MPU Serial Ports 
and All MPU Parallel 1/0 Ports 
® Analog Inputs Common-Mode to Supply Rails 


= Resolution 10 Bits 
= Total Unadjusted Error(AGrade) + 1/2LSB Over Temp 
™ Fast Conversion Time 20us 


= Low Supply Current LTC1091 © 3.5mA Max, 1.5mA Typ 
LTC1092/3/4 2.5mA Max, 1mA Typ 


DESCRIPTION 


The LTC1091/2/3/4 10-bit data acquisition systems are de- 
signed to provide complete function, excellent accuracy 
and ease of use when digitizing analog data from a wide 
variety of signal sources and transducers. Built around a 
10-bit, switched capacitor, successive approximation A/D 
core, these devices include software configurable analog 
multiplexers and bipolar and unipolar conversion modes 


as well as on chip sample and holds. On-chip serial ports 
allow efficient data transfer to a wide range of microproc- 
essors and microcontrollers. These circuits can provide a 
complete data acquisition system in ratiometric applica- 
tions or can be used with an external reference in others. 


The high impedance analog inputs and the ability to oper- 
ate with reduced spans (below 1V full scale) allow direct 
connection to sensors and transducers in many applica- 
tions, eliminating the need for gain stages. 


An efficient serial port communicates without external 
hardware to most MPU serial ports and all MPU parallel I/O 
ports allowing eight channels of data to be transmitted 
over as few as 3 wires. This, coupled with low power con- 
sumption, makes remote location possible and facilitates 
transmitting data through isolation barriers. 


Temperature drift of offset, linearity, and full scale error 
are all extremely low (ippmi°C typically) allowing all 
grades to be specified with offset and linearity errors of 
+0.5LSB maximum over temperature. In addition, the A 
grade devices are specified with full scale error and total 
unadjusted error {including the effects of offset, linearity, 
and full scale errors) of + 0.5LSB maximum over tempera- 
ture. The lower grade has a full scale specification of 
+2LSB for applications where full scale is adjustable or 
less critical. 


TYPICAL APPLICATION 


5V 


4.7 4F 


ANALOG INPUT #1 
}-5V RANGI 
ANALOG INPUT #2 


0-5V RANGE SERIAL DATA LINK 


LTG1091 


FOR 8051 CODE SEE 
APPLICATIONS INFORMATION SECTION 


XVper) 


= 
1024 


LINEARITY ERROR {LSBs 


REFERENCE VOLTAGE, Vper (V) 


ower 


LTCIO9I/LTC1092 


LTC1093/LTC1094 
ABSOLUTE MAXIMUM RATINGS 
(Notes 1 and 2) 
Supply Voltage (Vcc) toGNDorV~ oo... eee 12V Power Dissipation..............:.cceeeaeeeae ees 500mW 
Negative Supply Voltage (V~)............08 -6VtoGND Operating Temperature Range 
Voltage = LTC1091-4AC, LTC1091-4C............ - 40°C to 85°C 
Analog Reference and LTC 1091/2 CS LTC1091-4AM, LTC1091-4M .......... - 55°C to 125°C 
Inputs sere dta one Wauae saannased (V-) -0.3V toVcoc+0.3V Storage Temperature Range............. ~ 68°C to 150°C 
Digital Inputs (except LTC1091/2 CS) ..... -0.3Vt012V Lead Temperature (Soldering, 10 sec.).............. 300°C 
Digital Outputs...............000. -0.3V to Voc + 0.3V 
PACKAGE/ORDER INFORMATION 
Pore ORDER PART eat ORDER PART 
NUMBER ar NUMBER 
Voc 
LTC1091AMJ8 CLK LTC1092AMJ8 
LTC1091 LTC1091 M8 LTC1092 FAT Dour LTC 1092Mu8 
LTC1091ACJ8 Veer LTC1092ACJ8 
LTC1091CU8 LTC1092CJ8 
8 (aneeane bp BLEAN PLASHE-DIP LTC1091ACN8 8 LEAD CUM LEAD PLASTIC ale LTG1092ACN8 
LTC1091CN8 LTC1092CN8 
TOP VIEW 
TOP VIEW cHO 
CHI 
LTC1093AMJ cH2 LTC1094AMJ 
LTC1093MJ cH3 LTC1094MJ 
L7¢1093 LTC1093ACJ cHa LTc1094 LTC1094ACU 
LTC1093CJ cus To! LTC1094CJ 
LTC1093ACN che LTC1094ACN 
LTC1093CN ch? [a LTC1094CN 
com [9 | 
J PACKAGE N PACKAGE DgNO 
16 LEAD CERAMIC DIP 16 LEAD PLASTIC DIP J PACKAGE N PACKAGE 
20 LEAD CERAMIC DIP 20 LEAD PLASTIC DIP 
PRODUCT GUIDE 
| CONVERSION MODES Te | +5V 
PARTNUMBER | #CHANNELS | UNIPOLAR | BIPOLAR | (SEPARATE Vper) CAPABILITY 
LTC1091 | 2 ° | Pin for pin 10-bit upgrade of ADC0832 
LTC1092 | 1 | e e | Pin for pin 10-bit upgrade of ADC0831 
LTC1093 6 e e e — e 
LTC1094 8 e e e e L 
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RECOMMENDED OPERATING CONDITIONS 


LTCIO91/LTC1092 
LTC1093/LTC1I094 


LTC1091-4/LTC1091-4A 
SYMBOL PARAMETER CONDITIONS MIN MAX UNITS 
Veo Supply Voltage 45 10 V 
V- Negative Supply Voltage Voc =5V -55 0 Vv 
LTC1093/4 
fox Clock Frequency Voc = SV 0.01 05 MHz 
teye Total Cycle Time LTC1091 15 CLK Cycles 
+28 
LTC1092 12 CLK Cycles 
+ 2us 
1TC1093/4 18 CLK Cycles 
mai + 2us 
thoi Hold Time, Diy After SCLK! Voc =5V 150 ns 
teucs Setup Time CS! Before CLKt Voo=5V 1 4s 
teupi Setup Time, Diy Stable Before CLK! Vec=5V 400 ns 
{wuctK CLK High Time Voc = 5V 0.8 as 
twectk CLK Low Time Voc = 5V 1 ps 
twuts CS High Time Between Data Transfer Cycles Voc =5V 2 ps 
twits CS Low Time During Data Transfer LTC1091 15 CLK Cycles 
LTC1092 CLK Cycles 
LTC1093/4 CLK Cycles 


PARAMETER CONDITIONS 
Offset Error (Note 4) 
Linearity Error (Notes 4 and 5) 
Full Scale Error (Note 4) 
Total Unadjusted Error Veer = 5.000V 
(Notes 4 and 6) 
Reference Input Resistance Vper = SV, 
LTC1092/3/4 
Analog and REF Input Range (Note 7} 


On Channel Leakage Current 
(Note 8) 


Off Channel Leakage Current 
(Note 8) 


On Channel = 5V 
Off Channel = 0V 
On Channel = 0V 
Off Channel = 5V 


LTC1091-4A 
TYP 


LTC1091-4 
MIN TYP MAX 


LSB 


On Channel = 5V 
Off Channe! = 0V 


On Channel =0V 
Off Channel = 5V 


1 1 uA 

=f T -1 uA 

e =1 ed yA 
e 1 1 pA 


LY WE 
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AC CHARACTERISTICS ote) 


LTC1091-4/LTC1091-4A 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
tsnpL _{__ Analog Input Sample Time A. See Operating Sequence ‘| sie 15 =| CLK Cycles 
toony Conversion Time See Operating Sequence 10 CLK Cycles 
tuvo Delay Time, CLK! to Doyr Data Valid See Test Circuits 400 850 ns 
tis Delay Time, CSt to Dgyr Hi-Z See Test Circuits 180 450 ns 
ten Delay Time, CLK! to Doyr Enabled See Test Circuits 160 450 as 
tapo Time Output Data Remains Valid After SCLK! 150 ns 
tk Doyz Fall Time See Test Circuits 90 300 ns 
t, Dour Rise Time See Test Circuits 60 300 ns 
Cw Input Capacitance Analog Inputs On Channel 65 pF 
Off Channel 5 pF 
[ Digital Inputs 5 pF 

DIGITAL AND DC ELECTRICAL CHARACTERISTICS (notes) 

LTC1091-4/.TC1091-4A 

SYMBOL PARAMETER A CONDITIONS MIN TYP MAX UNITS 
Vin High Level input Voltage Voc =5.25V e 2.0 Vv 
Vir Low Level input Voltage Voo= 4.75V e ' 08 Vv 
lin High Level Input Current Vin = Voc e 2.5 nA 
Iie Low Level Input Current Vin = OV e -25 pA 
Vou High Level Output Voltage Veo 4.75V, Io = 10uA y 47 Vv 
| Ig = 360pA e 24 4.0 ] 
Vo Low Level Output Voltage Veg = 4.75V, lp = 1.6MA e 0.4 Vv 
loz Hi-Z Output Leakage 1 Vour=Vec,.6S High = e 3 aA 
Voyr = OV, CS High e -3 pA 
Isource Output Source Current Vout = OV -10 mA 
Igink Output Sink Current Vour=Vec 10 mA 
loc Positive Supply Current CS High, LTC1091 e 15 3.6 mA 
CS High, REF+ Open, LTC1092/3/4 e 1.0 2.5 mA 
lReF | Reference Current Vaer = SV, LTC1092/3/4 e 0.5 1.0 mA 
I- Negative Supply Current CS High, V~ = ~ 5V, LTC1093/4 e 1 50 I pA 


Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: All voltage values are with respect to ground with DGND, AGND, 
GND and REF ~ wired together (unless otherwise noted). REF~ is internally 
connected to the AGND pin on the LTC1093. DGND, AGND, REF™ and V~ 
are internally connected to the GND pin on the LTC 1091/2. 

Note 3: Vog=5V, Vagr + =5V, Vaer— = OV, V~ = OV for unipolar mode and 
~5V for bipolar mode, CLK = 0.5MHz unless otherwise specified. The @ 
indicates specs which apply over the full operating temperature range; all 
other limits and typicals T, = 25°C. 

Note 4: These specs apply for both unipolar (LTC 1091-4) and bipolar 

(LTC 1093/4 only) modes. tn bipolar mode, one LSB is equal to the bipolar in- 
put span (2Vper) divided by 1024. For example, when Vper = SV, 1LSB 
bipolar) = 2(5V\/1024 = 9.77mV. 

Note 5: Linearity error is specified between the actual end points of the A/D 
transfer curve. 


Note 6; Total unadjusted error includes offset, full scale, linearity, multi- 
plexer and hold step errors. 

Note 7: Two on-chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 
below V~ or one diode drop above Voo. Be careful during testing at low Vg 
levels (4.5V), as high level reference or analog inputs (5V) can cause this in- 
put diode to conduct, especially at elevated temperatures, and cause errors 
for inputs near full-scale. This spec allows 50mvV forward bias of either 
diode. This means that as long as the reference or analog input does not ex- 
ceed the supply voltage by more than 50mvV, the output code will be correct. 
To achieve an absolute OV to 5V input voltage range will therefore require a 
minimum supply voltage of 4.950V over initial tolerance, temperature varia 
tions and loading. 

Note 8: Channel leakage current is measured after the channel selection. 
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TEST 


CIRCUITS 


On and Off Channel Leakage Current 


5V 


lon 


ON CHANNEL 


OFF 
CHANNELS 


CLK 


Dout 


Load Circuit for tg, and ten 


TEST 
POINT 


SV 


LT€1091 


Dout 


gis WAVEFORM 2, ten 


ri 2 tyis WAVEFORM 1 


Load Circuit for typo, t,, and ty 


1.4V 


3kQ 


TEST POINT 


T 100pF 


Dout 


Voltage Waveforms for Doyt Rise and Fall Times, ty, ts 


cs 


Dour 
WAVEFORM 1 
(SEE NOTE 1) 


Dour 
WAVEFORM 2 
(SEE NOTE 2) 


Dout 


NOTE 1: WAVEFORM 1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT 


THE OUTPUT IS HIGH UNLESS DISABLED BY THE OUTPUT CONTROL. 
NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT 


THE OUTPUT IS LOW UNLESS DISABLED BY THE OUTPUT CONTROL. 


Voltage Waveforms for te, 


0.4V 


LY 


LINCAR 


TECHNOLOGY 


9-33 


LTC1091/LTC1092 
LTC1093/LTC1094 


TEST CIRCUITS 


Voltage Waveforms for ten 


{101092 


Dout 0.4v B9 


ten 


LTC1093/4 


CLK 1 2 3 4 5 6 7 


Dout 0.4V 89 


PIN FUACTIONS irciosi2 


LTC1091 # 


2,3 


as 


LTC1092# | PIN FUNCTION 


DESCRIPTION | 


1 cs Chip Select Input A logic low on this input enables the LTC 1091/2. 
CHO, CH1 Analog Inputs These inputs must be free of noise with respect to GND. 
2,3 IN+,IN- Analog Inputs These inputs must be free of noise with respect to GND. 
4 GND Analog Ground GND should be tied directly to an analog ground plane. 
Dw Digital Data Input The multiplexer address is shifted into this input. 


The reference input defines the span of the A/D converter and must be kept free of 
noise with respect to AGND. 

The A/D conversion result is shifted out of this output. 

This clock synchronizes the serial data transfer. 


Reference Input 


Digital Data Output 
Shift Clock 


Voc (Vrer) | PositiveSupplyand | This pin provides power and defines the span of the A/D converter. it must be kept 
Reference Voltage free of noise and ripple by bypassing directly to the analog ground plane. 

Voc Positive Supply This pin provides power to the A/D converter. it must be kept free of noise and 
Voltage ripple by bypassing directly to the analog ground plane. 
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PIN FUNCTIONS irci093 


LTC1093# | LTC1094# PIN FUNCTION DESCRIPTION 
| 1-6 | GHO-CH5 Analog Inputs The analog inputs must be free of noise with respect to AGND. 
1-8 CHO-CH7 Analog Inputs The analog inputs must be free of noise with respect to AGND. 
7 9 COM Common The common pin defines the zero reference point for all single ended inputs. It 
must be free of noise and is usually tied to the analog ground plane. 
8 10 DGND Digital Ground This is the ground for the internal logic. Tie to the ground plane. 
9 11 V- Negative Supply Tie V~ to most negative potential in the circuit. (Ground in single supply 
applications.) 
10 12 AGND Analog Ground AGND should be tied directly to the analog ground plane. 
1 Veer Reference Input The reference input must be kept free of noise with respect to AGND. 
13, 14 REF +, REF - Reference Input The reference input must be kept free of noise with respect to AGND. 
42 15 Dw Data Input The A/D configuration word is shifted into this input. 
13 16 Dour Digital Data Output | The A/D conversion result is shifted out of this output. 
14 17 ts Chip Select Input A logic tow on this input enables the LTC 1093/4. 
15 18 CLK Shift Clock This clock synchronizes the serial data transfer, 
16 Voc Positive Supply This supply must be kept free of noise and ripple by bypassing directly to the 
analog ground plane. 
19, 20 AV; DVec Positive Supply This supply must be kept free of noise and ripple by bypassing directly to the 
analog ground plane. AVcc and DVc¢ should be tied together on the LTC 1094. 


BLOCK DIAGRAM (Pin numbers refer to LTC 1094) 


DVcc 
19 


(INPUT SHIFT GUTPUT SHIFT 
REGISTER REGISTER 


SAMPLE 
AND HOLO 


ANALOG 
INPUT 
MUX 


10-BIT 
CAPACITIVE 
DAC 


CONTROL 
AND 
TIMING 
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TYPICAL PERFORMANCE CHARACTERISTICS irci0si-s 


Change in Offset Error vs Change in Linearity Error vs Change in Full Scale Error vs 
Temperature g@ _ Temperature _. Temperature 
— 06 Hn a 
a Voe (Wage) =5¥ = = 
a os CLK = 500kH2 = a Voc (Ver) =5V 
rae < 4 CLK = 500kHz 
if 5 ia 
G04 = 2 
ore 8 & 
F 8 5 
Z 03 = rt 
S 2 uw 
& s 4 
a Ww 
8 0 Z = 0 
= -80 -2% 0 2 0 75 100 125 <= -50 -2 0 2 50 75 100 125 ~50 -25 0 2 60 75 100 125 
AMBIENT TEMPERATURE, TA (°C) AMBIENT TEMPERATURE, Ta (°C) AMBIENT TEMPERATURE, Ta (°C) 
Digital input Logic Threshold vs Dour Delay Time vs Supply 
Supply Voltage Dou Delay Time vs Temperature Voltage 
4 600 600 ~~ 
8 500 3 500 
Ss = = 
5 : = a0 
2 = 2 
: Fd 2 300 FIRST D, 
w 
2 = = 
8 % & 200 
a | LSB FIRST 
2 ts 100 4 
a & 
0 
4. 5 6 7 8 9 10 -50 -2 0 2 50 75 100 125 4 5 6 7 8 9 10 
SUPPLY VOLTAGE, Vig (VW) AMBIENT TEMPERATURE, Ta (°C) SUPPLY VOLTAGE, Voc (V) 
Maximum Clock Rate vs Maximum Clock Rate vs Supply Minimum Clock Rate vs 
Temperature Voltage Temperature 


Voce =5V 


sd 
wn 


° 
iy 
S 


be 
o 


MAXIMUM CLK FREQUENCY* (MHz) 
MAXIMUM CLK FREQUENCY* (MHz) 
wn 


° 
on 
= 
oy rg 
—— 


+ 


-50 -25 0 2 50 75 100 125 5 6 7 8 9 10 
AMBIENT TEMPERATURE, T, (°C) SUPPLY VOLTAGE, Vcc (V) 


a 


-50 -2 0 2 8650 675 «6100 = 125 
AMBIENT TEMPERATURE, TA (°C) 


MINIMUM CLK FREQUENCY (AERROR <0.1L$B)** (MHz) 


* MAXIMUM CLK FREQUENCY REPRESENTS THE HIGHEST FREQUENCY AT WHICH CLK CAN BE  **AS THE CLK FREQUENCY 1S DECREASED FROM S00kHz, MINIMUM CLK FREQUENCY 
OPERATED (WITH 50% DUTY CYCLE) WHILE STILL PROVIDING 100ns SETUP TIME FOR THE (AERROR <0.1LSB) REPRESENTS THE FREQUENCY AT WHICH A 0.1LSB SHIFT IN ANY CODE 
DEVICE RECEIVING THE Dgyy DATA. TRANSITION FROM ITS 500kHz VALUE {S FIRST DETECTED. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Maximum Clock Rate vs Source 
Resistance LTC 1091-4 


= 


0.75 


MAXIMUM CLK FREQUENCY (AERROR <0. tLSB)*** (MHz) 
o 
oa 


Resource (0) 


Input Channel Leakage Current vs 
Temperature LTC 1091/2 


[=] 
J 


ON CHANNEL OR 
OFF CHANNEL 


g 


INPUT CHANNEL LEAKAGE CURRENT (nA) 


-50 -25 0 2 50 75 100 125 
AMBIENT TEMPERATURE, Ta (°C) 


Change in Full Scale Error vs 
Supply Voltage LTC 1091 


0.5 


i=) 
te 
a 


4 5 6 7 8 9 10 
SUPPLY VOLTAGE, Vg (Vper) (V) 


CHANGE IN FULL SCALE ERROR (LSBS= aq xVoc (res) 


“**AS THE CLK FREQUENCY AND SOURCE RESISTANCE ARE INCREASED, MAXIMUM CLK 
FREQUENCY (AERROR <0. 1LSB) REPRESENTS THE FREQUENCY AT WHICH A 0.1LSB 


Maximum Filter Resistor vs Cycle 
Time LTC1091-4 


100k 


Reiter 


Vin 
CriLTER = 1pF 


} 
= 


MAXIMUM Rei_ten”***(2 


10 100 1000 10k 
CYCLE TIME, toy (us) 


Offset Error vs Supply Voltage 


S & H ACQUISITION TIME TO 0.1% (us) 


Sample and Hold Acquisition 
Time vs Source Resistance 
LTC1091-4 


“400 1k 10k 
Rsource * (2) 


Linearity Error vs Supply Voltage 


LTC1091 LTC1091 
lS FEA.25 
# = 
z CLK =500kHz 8 
3 10 Ta=25°C = 10 
x Vos =0.85mV@V cc (Veer) =5V i 
is -8 
~Bo7s 1 O75 
j : 
= 05 = 05 
t=} 
= id 
& 0.25 > 0.25 
ti = 
2 fri] 
ira Zz 
2 5 


4 5 6 7 8 9 10 
SUPPLY VOLTAGE, Vg (Vper) (V) 


Supply Current vs Supply Voltage 
LTC 1091 


SUPPLY CURRENT, Igg-+Iper (mA) 


4 5 6 7 8 9 10 
SUPPLY VOLTAGE, Voc (Vper) (V) 


SHIFT IN ANY CODE TRANSITION FROM ITS SO0kHz, 09 VALUE IS FIRST DETECTED. 


SUPPLY CURRENT, loc +! pee (mA) 


4 5 6 7 8 9 10 
SUPPLY VOLTAGE, Vg (Ver) (V) 


Supply Current vs Temperature 
LTC1091 


“50 -25 0 2 50 75 100 125 
AMBIENT TEMPERATURE, Ta (°C) 


“"*MAXIMUM Reiter REPRESENTS THE FILTER RESISTOR VALUE AT WHICH A 0.1LSB 
CHANGE IN FULL-SCALE ERROR FROM ITS VALUE AT Ren ten =0 IS FIRST DETECTED. 


one 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Linearity Error vs Reference 
Voltage LTC1092/3/4 


Unadjusted Offset Error vs 
Reference Voltage LTC 1092/3/4 


= 
o 


t 
OFFSET ERROR = vy 
{LSBs a024 REF) 


ou NM WAND NO OD 


1 2a = 
Sr oe) 2 Ca CT TE SR OS CT 
ee 


| 


0.2 1.0 5.0 
REFERENCE VOLTAGE, Vpgr (V) 


Noise Error vs Reference Voltage 
LTC1092/3/4 


= 
id 
ao 


o 2 = 
. ~= . np 
on ao a 


PEAK-TO-PEAK NOISE ERROR (LSBs) 
° 


i 1 5 
REFERENCE VOLTAGE, Vaer (V) 


Change in Full Scale Error vs 
Supply Voltage LTC1092/3/4 


Vege =4V 
CLK =500kH2 


| 
° 
it 
a 


CHANGE IN FULL SCALE ERROR (LSBs) 
° 
im 


x Vper) 


Savile 
7024 


LINEARITY ERROR (LSBs 


OFFSET ERROR (LSBs) 
2° 


SUPPLY CURRENT, Ic (mA) 


1 3 4 
REFERENCE VOLTAGE, Vper (V) 


Offset Error vs Supply Voltage 
LTC 1092/3/4 


Vaer=4V 
CLK =500kHz 
Vog=1.25mV@Vor =5V 


6 7 8 9 
SUPPLY VOLTAGE, Veg (V) 


Supply Current vs Supply Voltage 
LTC1092/3/4 


Change in Full Scale Error vs. 
Reference Voltage LTC1092/3/4 
25 


1. 


*Vper) 


pele. 
4024 


CHANGE IN FULL SCALE ERROR (LSBs = 


0 1 2 3 4 5 
REFERENCE VOLTAGE, Vper (V) 


Linearity Error vs Supply Voltage 
LTC 1092/3/4 


Veer =4V 
CLK =500kHz 


LINEARITY ERROR (LS8s} 
S 


SUPPLY VOLTAGE, Veg (V) 


Supply Current vs Temperature 
LTC1092/3/4 


Vacr OPEN 


SUPPLY CURRENT, co {mA} 


75 100 «125 


-50 -25 0 2 «(50 
AMBIENT TEMPERATURE, Ta (°C) 
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TYPICAL PERFORMANCE CHARACTERISTICS 
Reference Current vs Temperature Input Channel Leakage Current vs 
LTC1092/3/4 Temperature LTC 1093/4 

1000 
= 900 
2. te 800 
é = 700 
id 3 600 
3 a 400 
: = 00 

—50 -2 0 2 50 75 100 125 -30 -25 0 2 50 75 100 125 

AMBIENT TEMPERATURE, Ta (°C) AMBIENT TEMPERATURE, Ta (°C) 


APPLICATIONS INFORMATION 


The LTC1091-4 are data acquisition components which the half duplex operation, Diy and Dour may be tied to- 


contain the following functional blocks: gether allowing transmission over just 3 wires: CS, CLK 
1, 10-bit successive approximation A/D converter and DATA (Diw/Dour). = 
2. Analog multiplexer (MUX) Data transfer is initiated by a falling chip select (CS) 
3. Sample and hold (S/H) signal. After CS falls the LTC1091/3/4 looks for a start bit. 
4, Synchronous, half duplex serial interface After the start bit is received, a 3-bit input word (6-bits for 
5. Control and timing logic the LTC 1093/4) is shifted into the Diy input which config- 
DIGITAL CONSIDERATIONS 


ures the LTC1091/3/4 and starts the conversion. After one 
null bit, the result of the conversion is output on the Doyt 9 
A line. At the end of the data exchange CS should be 

Locale innatace brought high. This resets the LTC1091/3/4 in preparation 

The LTC1091/3/4 communicates with microprocessors and _ for the next data exchange. 

other external circuitry via a synchronous, half duplex, 


four wire serial interface while the LTC1092 uses a three Re ee 


wire interface (see Operating Sequence). The clock (CLK) 

synchronizes the data transfer with each bit being trans- Dont 
mitted on the falling CLK edge and captured on the rising shin mux 

CLK edge in both transmitting and receiving systems. The —Adsressin aw akt 

LTC1091/3/4 first receives input data and then transmits SE 


back the A/D conversion result (half duplex). Because of 
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APPLICATIONS INFORMATION 


The LTC1092 does not require a configuration input word 
and has no Dyn pin. A falling CS initiates data transfer as 
shown in the LTC1092 operating sequence. After CS falls, 
the first CLK pulse enables Dour. After one null bit, the 
AID conversion result is output on the Dou line. Bringing 
CS high resets the LTC 1092 for the next data exchange. 


2. Input Data Word 


The LTC1092 requires no Diy word. It is permanently con- 
figured to have a single differential input and to operate in 
unipolar mode. The conversion result is output on the 
Dour line is MSB first sequence, followed by LSB se- 
quence providing easy interface to MSB or LSB first serial 
ports. The following discussion applies to the configura- 
tion of the LTC1091/3/4. 


LTC1091 Operating 


The LTC1091/3/4 clocks data into the Diy input on the ris- 
ing edge of the clock. The input data words are defined as 
follows: 


LTC1091 Data Input (Diy) Word: 
SGL/ | ODD/ 
ee | 
MUX MSB First! 
Address LSB First 


Unipolar! 


Bipol 
LTc1003/4 rae Input (Dy) Word: pba 


OFF 


MUX Address 


pepe First! 
LSB First 


Sequence 


Example: Differential Inputs (CH1 +, CHO—) 


MSB First Data (MSBF = 1) 


eA 


TLL LLL 


MW 


Hi-Z 


“WILL 


UBS 


FILLED 
A WITH ZEROES 
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APPLICATIONS INFORMATION 


LTC 1092 Operating Sequence 


tome ie tony’ a tssapL 


LTC1093/4 Operating Sequence 
Example: Differential Inputs (CH4 +, CH5 —), Unipolar Mode 


MSB First Data (MSBF = 1) 


START SEL1 ul 


on 7 MMMM 


Nt 
7, 
SGL/ 0DD/ SELO MSBF 
DIFF SIGN 
Hiez 


Dout 


FILLED 
WITH ZEROES 
toon 


tsmet 
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APPLICATIONS INFORMATION 


Start Bit 


The first “logical one” clocked into the Dyy input after CS 
goes low is the start bit. The start bit initiates the data 
transfer. The LTC1091/3/4 will ignore ail leading zeros 
which precede this logical one. After the start bit is re- 
ceived, the remaining bits of the input word will be clocked 
in. Further inputs on the Diy pin are then ignored until the 
next CS cycle. 


Multiplexer (MUX) Address 


The bits of the input word following the START bit assign 
the MUX configuration for the requested conversion. For a 


LTC1093 Channel Selection 


given channel selection, the converter will measure the volt- 
age between the two channels indicated by the + and — 
signs in the selected row of the following tables. In single 
ended mode, all input channels are measured with respect 
to GND on the LTC1091 and COM on the LTC1093/4. 


LTC1091 Channel Selection 


UX ADDRESS 


M 
SGU | ODD/ 
OFF = 


i 
0 
1 


CHANNEL # 


GND 


Single-ended MUX note { 


Differential MUX note { 


LTC 1094 Channel Selection 


MUX ADDRESS DIFFERENTIAL CHANNEL SELECTION 


= MUS ADORE ADDRESS 
)pD/ | SELECT 


DIFFERENTIAL CHANNEL Sacral | 
| 


sGu | opp | SELECT 
DIFF | sien 0 


o 


AAAS 
eee ~ 


is 


zg 
popieecee 
foes cH 


0 
0 
0 
0 
1 
1 
1 
1 


0 
1 
0 
1 
0 
1 
0 
1 


DIFF | SIGN [1 


1 0 |0 


NOT USED 
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APPLICATIONS INFORMATION 
MSB First/LSB First (MSBF) 


The output data of the LTC1091/3/4 is programmed for 
MSB first or LSB first sequence using the MSBF bit. When 
the MSBF bit is a logical one, data will appear on the Doyt 
line in MSB first format. Logical zeros will be filled in in- 
definitely following the last data bit to accommodate 
Jonger word lengths required by some microprocessors. 
When the MSBF bit is a logical zero, LSB first data will fol- 
low the normal MSB first data on the Dou line. (See 
operating sequence). 


Unipolar/Bipolar (UNI) 


The UNI bit of the LTC1093/4 determines whether the con- 
version will be unipolar or bipolar. When UNI is a logical 
one, a unipolar conversion will be performed on the se- 
lected input voltage. When UNI is a logical zero, a bipolar 
conversion will result. The input span and code assign- 
ment for each conversion type are shown in the figures 
below. 


The LTC1091/2 are permanently configured for unipolar 
mode, 


Unipolar Output Code (UNI = 1) 


1111119111 
1111111110 


0000000001 
0000000000 


OUTPUT CODE 


01141111111 
0111111110 
e 


es 

e 
0000000001 
0000000000 
1111111111 
1111111110 


1000000001 
1000000000 


Unipolar Transfer Curve (UNI = 1) 


1441111111 
1111111110 


0000000001 
0000000000 
OV 1LSB 


Vaer—2LSB 


' 
Veer — 1LSB 


VREF 


OUTPUT CODE INPUT VOLTAGE 


Vaer— 1LSB 
Vper- 2LSB 
eo 


Vaer- 1LSB 
Vaer~ 2LSB 
e 


— Vpep) + 1LSB 
— (per) 


Bipolar Transfer Curve (UNI = 0) LTC 1093/4 Only 


019111719191 
0111111110 


0000000001 
0000000000 


—Vper+ 1LSB 


—Vrer 


1411111111 
41111111410 


1000000001 
1000000000 


Vrep—2LSB! Vper 
1 


i 
Vaer— 1LS8 


INPUT VOLTAGE 
(Vrer = 5V) 


INPUT VOLTAGE 
(Veer =5V) 


- 0.0098V 
—0,0195V 


LY Wie 
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APPLICATIONS INFORMATION 


3. Accommodating Microprocessors with Different Word 
Lengths 


The LTC1091/3/4 will fill zeroes indefinitely after the trans- 
mitted data until CS is brought high. At that time the Dout 
line is disabled. This makes interfacing easy to MPU serial 
ports with different transfer increments including 4 bits 
(¢.g., COP400) and 8 bits (e.g., SPI and MICROWIRE/PLUS). 
Any word length can be accommodated by the correct 
positioning of the start bit in the LTC1091 input word. 


Figure 1 shows examples of LTC1091 input and output 
words for 4-bit and 8-bit processors. A complete data ex- 
change can be implemented with two 4-bit MPU outputs 
and three inputs in 4-bit systems and one 8-bit output and 
two inputs in 8-bit systems. The resulting data winds up 
ieft justified in the MPU with zeroes automatically filled in 
the unused low order bits by the LTC 1091. In section 5 an- 
other example is given using the MC68HC05C4 which 
eliminates one 8-bit transfer and positions data right justi- 
fied inside the MPU. 


START 


| aad oe ‘Wo 
Din DIFF I SIGN MSBF eee 


Hi-Z 
START 
BIT 


'SGL7 ODD/ 
0 0 0 1 {VirE cigy MSBF xX 


Dout 


MPU SENDS 
2 Din WORDS 


4-BIT 
TRANSFERS 
MPU READS BACK 


3 Dour WORDS START 
BIT 


S67 ODD 
pier_sign MSBF_X 
8-BIT 
TRANSFERS 
MPU READS BACK 


MPU SENDS 
1 Dy WORD O 2 705 2 
2 Dour WORDS 


BS | B8 | B7 | 86 | BS B4 ¥ B3 | B2 } BI | BO 


4. Operation with Diy and Dour Tied Together 


The LTC1091/3/4 can be operated with Dy and Dour tied 
together. This eliminates one of the lines required to 
communicate to the MPU. Data is transmitted in both 
directions on a single wire. The processor pin connected 
to this data line should be configurable as either an input 
or an output. The LTC1091, for example, will take control 
of the data line and drive it low on the 4th falling CLK edge 
after the start bit is received (see Figure 2). Therefore the 
processor port line must be switched to an input before 
this happens, to avoid a conflict. 


In the next section, an example is made of interfacing the 
LTC1091 with Diy and Dour tied together to the Intel 8051 
MPU, 


FILL ZEROES 


X=DON'T CARE 


B9 B8 67 B6FFB5 B4 BS B2i}Bi BO Oo 0 


Bo: BBB?) «BG CBS) 6CB4ssBSsCB2FP BY «6BD 68M 


Figure 1. LTC1091 input and Output Word Arrangements for 4-Bit and 8-Bit Serial Port Microprocessors 
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MSBF BIT 
LATCHED 
BY LTC1091 


1 2 3 4 
! 
t 
H 

DATA (Din/Dout) START oad bid MSBF Bg Bg ye ee 

At 

a ed 

MPU CONTROLS \f 1761091 CONTROLS 
DATA LINE AND SENDS iet DATA LINE AND SENDS 
MUX ADDRESS TO LTC1091 tint A/D RESULT BACK TO MPU 
It 
PROCESSOR |_| 
DATA ust reese } I LTC1091 TAKES CONTROL OF DATA LINE 
RISING CLK AND BEFORE ON 4TH FALLING CLK 


THE 4TH FALLING CLK 


Figure 2. LTC1091 Operation with Djy and Ooyr Tied Together 


5. Microprocessor Interfaces Table 1. Microprocessors with Hardware Serial 
Interfaces Compatible with the LTC 1091-4 
The LTC1091-4 can interface directly (without external 


hardware) to most popular microprocessor (MPU) synchro- TYPE OF INTERFACE 


nous serial formats (see Table 1). If an MPU without aded- | Motorola 
icated serial port is used, then 3 or 4 of the MPU’s parallel | MOuren' 
port lines can be programmed to form the serial link to the MC88HCO5 


1TC1091-4. Included here are one serial interface example 
and one example showing a parallel port programmed to 
form the serial interface. 


SCI Synchronous 
SCI Synchronous 
SCI Synchronous 
SCI Synchronous 
SCI Synchronous 
esilie) 


National Semiconductor 


COP400 Family MICROWIRET 
COP800 Family MICROWIRE/PLUST 
NS8050U MICROWIRE/PLUS 


HPC16000 Family MICROWIRE/PLUS 
Texas Instruments 
TMS7002 
TMS7042 


Serial Port 
Serial Port 


TMS70C02 Serial Port 
TMS70C042 Serial Port 
TMS32011* Serial Port 


TMS32020 Serial Port 


*Requires extemal hardware 
JMICROWIRE and MICROWIRE/PLUS are trademarks 
of National Semiconductor Corp. 
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Motorola SPI (MC68HCO5C4, MC68HC11) 


The MC68HC0S5C4 has been chosen as an example of an 
MPU with a dedicated serial port. This MPU transfers data 
MSB first and in 8-bit increments. With two 8-bit transfers, 
the A/D result is read into the MPU. The first 8-bit transfer 
sends the Diy word to the LTC1091 and clocks B9 and B8 
of the A/D conversion result into the processor. The sec- 


ond 8-bit transfer clocks the remaining bits, B7. through 
BO, into the MPU. 


ANDing the first MPU received byte with 03 Hex clears the 
6 most significant bits. Notice how the position of the 
start bit in the first MPU transmit word is used to position 
the A/D result right justified in two memory locations. 


Data Exchange Between LTC 1091 and MC68HC05C4 


MPU TRANSMIT 


START 


BYTE 1 
SGL/OD0/ 
wor L°] + Forefseu Bese] «| x | | 


BYTE 2 (DUMMY) 


ES ER EAE ES ES ES Ee 


X=DON'T CARE 


Dw bi 


Dout Bg | B8 


BYTE 1 


MPU 
RECEIVED WORD 


Hardware and Software Interface to Motorola MC68HC05C4 
Microcontroller 


MC68HC05C4 


ANALOG 
INPUTS 


Dour from LTC1091 stored in MC68HC05C4 RAM 
MSB 

0000 0 BO B8 

LSB 


LocationA+1 |B7 B6 B5 B4 B3 B2 Bi BO! byte2 


Location A 0 byte 1 


HAE Ee EEA 
ae rransren__———.| 


87 § BE { BS | 84] B3 | B2] Bi f{ BO 


BYTE 2 


BODO 
ee ay aie 


COMMENTS 


Bit 0 Port C goes low (CS goes low) 

Load LTC1090 D,, word into Acc. 

Load LTC 1090 Diy word into SPI from Acc. 
Transfer begins. 

TST Test status of SPIF 


MNEMONIC 


BPL Loop to previous instruction if not done 
with transfer 

LDA Load contents of SPI data register 
into Acc. (Doyt MSBs) 

STA Start next SPI cycle 

AND Clear 6 MSBs of first Doyr word 

STA Store in memory location A (MSBs) 

TST Test status of SPIF. 

BPL Loop to previous instruction if not done 


withtransfer 

Set BO of Port C (CS goes high) 
LDA Load contents of SPI data register into 
Acc. (Dour LSBs) 

Store in memory location A + 1 (LSBs) 


9-46 


LT Wee 


LTC1091/LTC1092 


Interfacing to the Parallel Port of the Intel 8051 Family LABEL_[ MNEMONIC | OPERAND | COMMENTS 
| MOV A, #FFH DywordforLTC10a1 | 
The Intel 8051 has been chosen to demonstrate the inter- SETB P14 bake sure CSis high 
j - CLR P14 goes low 
face between the LTC1091 and parallel port microproc lh pa #04 lee 
essors. Normally the CS, SCLK and Djn signals would be Loop1 | RLC A Rotate Diy bit into Carry 
generated on 3 port lines and the Dour signal read on a 4th cay e : é Pa aa 
port line. This works very well. However, we will demon- “ acon 
strate here an interface with the Diy and Dour of the SETB P13 SCLK goes high 
j ij H H H DJNZ R4, LOOP 1 Next bit 
LTC1091 tied together as described in section 4. This soy Pt #04 Bite becaite an Git 
Saves one wire. CLR P13 SCLK goes low 
, ' MOV Ré, #09 Load counter 
The 8051 first sends the start bit and MUX address to the LOOP MOV C,P1.2 Read data bit into Carry 
LTC1091 over the data line connected to P1.2. Then P1.2is a, : Eaton IONE: 
: : age : SETB P13 SCLK goes high 
reconfigured as an input (by writing to it a one) and the CLR P13 SCLK goes low 
8051 reads back the 10-bit A/D result over the same data DJNZ R4, LOOP Next bit 
line MOV R2,A Store MSBs in R2 
‘ MOV C,P1.2 Read data bit into Carry 
SETB P1.3 SCLK goes high 
CLR P13 SCLK goes low 
ANALOG CLR A Clear Acc. 

INPUTS RLC A Rotate data bit from 
aah ADDRE Carry to Acc. 
saunas MOV C, P12 Read data bit into Carry 

A/D RESULT RRC A Rotate right into Acc. 
RRC A Rotate right into Acc. 
. MOV R3, A Store LSBs in R3 
Dour from LTC 1091 stored in 8051 RAM SETB P14 CS goes high 
MSB 
R2 (B9 B8 B7 BG BS B4 B3 B2| 
LSB 


Rs [Bi BO 0 0 0 0 0 O| 


MSBF BIT LATCHED 
firs \ INTO UTC1091 / 


1 2 3 4 
1 
V4 
no 
/ 
DATA (Oyy/ Dour) START ps co MSBF so | pa | a7 } Be | 85 pa } 3 | B2 B1 } 60 


Pe 


i 
8051 P1.2 OUTPUTS DATA 1 LTC1091 SENDS A/D RESULT 
TO LTC1091 BACK TO 8051 P1.2 
1 | 


8051 P1.2 RECONFIGURED 
AS AN INPUT AFTER THE 4TH RISING—=j }e—t Tc! TAKES CONT POL OF DATA 
CLK AND BEFORE THE 4TH FALLING CLK 
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210 
OUTPUT PORT 


SERIAL DATA 


MPU 


8 CHANNELS 


8 CHANNELS 


3 WIRE SERIAL 
INTERFACE TO OTHER 
PERIPHERALS OR LTC 1094s 


8 CHANNELS 


Figure 3. Several LTC1094s Sharing One 3 Wire Serial Interface 


Sharing the Serial Interface 


The LTC1094 can share the same 2 or 3 wire serial inter- 
face with other peripheral components or other LTC1094s 
(see Figure 3). In this case, the CS signals decide which 
LTC1094 is being addressed by the MPU. 


ANALOG CONSIDERATIONS 
1. Grounding 


The LTC1091-4 should be used with an analog ground 
plane and single point grounding techniques. 


The AGND pin (GND on the LTC1091/2) should be tied 
directly to this ground plane. 


The DGND pin of the LTC 1093/4 can also be tied directly to 
this ground plane because minimal digital noise is 
generated within the chip itself. 


The Vcc pin should be bypassed to the ground plane with 
a4.7uF tantalum with leads as short as possible. AVc¢c and 
DVcc should be tied together on the LTC1094. The V~ pin 
(LTC 1093/4) should be bypassed with a 0.1F ceramic disk. 
For single supply applications, V~ can be tied to the 
ground plane. 


It is also recommended that the REF~ pin and the COM 
pin be tied directly to the ground plane. All analog inputs 
should be referenced directly to the single point ground. 
Digital inputs and outputs should be shielded from and/or 
routed away from the reference and analog circuitry. 


Figure 4 shows an example of an ideal LTC1091 ground 
plane design for a two sided board. Of course this much 
ground plane will not always be possible, but users should 
Strive to get as close to this ideal as possible. 


2. Bypassing 


For good performance, Vcc must be free of noise and rip- 
ple. Any changes in the Vcc voltage with respect to analog 
ground during a conversion cycle can induce errors or 
noise in the output code. Because the Vcc (Vper) pin of the 
LTC1091 defines the voltage span of the A/D converter, its 
bypassing is especially important. Voc noise and ripple 
can be kept below imV by bypassing the Vcc pin directly 
to the analog ground plane with a 4.7uF tantalum with 
leads as short as possible. AVcc and DVcc should be tied 
together on the LTC 1094. Figures 5 and 6 show the effects 
of good and poor Vcc bypassing. 


Figure 4. Example Ground Plane tor the LTC 1091 
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3. Analog Inputs 


Because of the capacitive redistribution A/D conversion 
techniques used, the analog inputs of the LTC1091-4 have 
capacitive switching input current spikes. These current 
spikes settle quickly and do not cause a problem. How- 
ever, if large source resistances are used or if slow set- 
tling op amps drive the inputs, care must be taken to 
insure that the transients caused by the current spikes 
settle completely before the conversion begins. 


Source Resistance 


The analog inputs of the LTC1091-4 look like a 60pF 
capacitor (Cjy) is series with a 5000 resistor (Ron) as 
shown in Figure 7. Cijy gets switched between the selected 
“+” and “—” inputs once during each conversion cycle. 
Lasge external source resistors and capacitances will 
slow the settling of the inputs. It is important that the over- 
all RC time constants be short enough to allow the analog 
inputs to completely settle within the allowed time. 


“+” Input Settling 


This input capacitor is switched onto the “+” input during 
the sample phase (tsyp_, see Figure 8). The sample phase 
is the 1 1/2 CLK cycles before the conversion starts. The 
voltage on the “+” input must settle completely within 
this sample time. Minimizing Rsource* and C1 will im- 
prove the input settling time. If large “+” input source re- 
sistance must be used, the sample time can be increased 
by using a slower CLK frequency. With the minimum 
possible sample time of 3us, Rsourcet <2k and C1<20pF 
will provide adequate settling. 


LTC1091/LTC1092 
LTC1093/LTC1094 


VERTICAL: 0.5mV/DIV 


HORIZONTAL: 10ps/DIV 


Figure 5. Poot Voc Bypassing. Noise and Ripple Can Cause 
A/D Errors 


VERTICAL: 0.5mV/DIV 


HORIZONTAL: 10ps/DIV 


Figure 6. Good Voc Bypassing Keeps Noise and Ripple On Vcc 
Below imV 


Figure 7. Analog Input Equivalent Circuit 


LY Wine 
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wos Input Settling 


At the end of the sample phase the input capacitor 
switches to the “-” input and the conversion starts (see 
Figure 8). During the conversion, the “+” input voltage is 
effectively “held” by the sample and hold and will not af- 
fect the conversion result. However, it is critical that the 
“~” input voltage settle completely during the first CLK 
cycle of the conversion time and be free of noise. Minimiz- 
ing Rsource~ and C2 will improve settling time. If large 
“—" input source resistance must be used, the time al- 
lowed for settling can be extended by using a slower CLK 
frequency. At the maximum CLK rate of 500kHz, 
Rsource~ <1kQ and C2<20pF will provide adequate 
settling. 


Dour 


Input Op Amps 


When driving the analog inputs with an op amp it is im- 
portant that the op amp settle within the allowed time (see 
Figure 8). Again, the “+” and “~” input sampling times 
can be extended as described above to accommodate 
slower op amps. Most op amps including the LT1006 and 
LT1013 single supply op amps, can be made to settle well 
even with the minimum settling windows of 3us “+” input) 
and 2us (‘~” input) which occur at the maximum clock rate 
of 500kHz. Figures 9 and 10 show examples of adequate 
and poor op amp settling. 


SAMPLE HOLD 


“4 "INPUTMUST = ¥ 
SETTLE DURING —+| 
THIS TIME 


tsmeL 1 loony 


LESS 


1ST BIT TEST 

“—"" INPUT 
MUST SETTLE 
DURING THIS TIME 


“4p” INPUT } 
=" INPUT { 


Figure 8. “+” and “—” Input Settling Windows 
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Input Leakage Current 


Input leakage currents can also create errors if the source 
resistance gets too large. For instance, the maximum in- 
put leakage specification of 1pA (at 125°C) flowing 
through a source resistance of 1k0 will cause a voltage 
drop of 1mV or 0.2LSB. This error will be much reduced 


VERTICAL: S5mV/DIV 


HOZONTAE teal BY at lower temperatures because leakage drops rapidly 
Figure 9. Adequate Settling of Op Amp Driving Analog Input eee of Input Channel Leakage Current vs 


4. Sample and Hold 
Single Ended Inputs 


The LTC1091, LTC1093 and LTC1094 provide a built-in sam- 
ple and hold (S&H) function for signals acquired in the sin- 
gle ended mode. This sample and hold allows conversion 
of rapidly varying signals (see typical curve of S&H Ac- 
quisition Time vs Source Resistance). The input voltage is 
HORIZONTAL: 20,8/DIV sampled during the tsypz time as shown in Figure 8. The 
: : sampling interval begins as the bit preceding the MSBF bit 
Fie 10::Foge Op pnp seein an Canna AS is shifted in and continues until the falling CLK edge after 
the MSBF bit is received. On this falling edge, the S&H 
goes into hold mode and the conversion begins. 


VERTICAL: 5mV/DIV 


RC Input Filtering 


It is possible to filter the inputs with an RC network as 

shown in Figure 11. For large values of Cr (e.g., 1nF), the _ 
capacitive input switching currents are averaged into a 
net DC current. Therefore, a filter should be chosen with a 
small resistor and large capacitor to prevent DC drops 
across the resistor. The magnitude of the DC current is ap- 
proximately Ip¢=60pF x Vinitcyc and is roughly propor- 
tional to Viv. When running at the minimum cycle time of Figure 11. RC Input Filtering 
32us, the input current equals 9yA at Vin = 5V. In this case, 

a filter resistor of 500 will cause 0.1LSB of full-scale error. 

If a larger filter resistor must be used, errors can be elim- 

inated by increasing the cycle time as shown in the typical 

curve of Maximum Filter Resistor vs Cycle Time. 


ci Crater 
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Differential inputs 


With differential inputs, the A/D no longer converts just a 
single voltage but rather the difference between two volt: 
ages. In this case, the voltage on the selected “+” input is 
still sampled and held and therefore may be rapidly time 
varying just as in single ended mode. However, the voltage 
on the selected “—” input must remain constant and be 
free of noise and ripple throughout the conversion time. 
Otherwise, the differencing operation may not be per- 
formed accurately. The conversion time is 10 CLK cycles. 
Therefore, a change in the “-” input voltage during this 
interval can cause conversion errors. For a sinusoidal volt- 
age on the “ ~” input this error would be: 


VERROR (MAX) = VPEAK X 2X 7 x f(“—") x 10/foLk 


Where f("-”) is the frequency of the “-” input voltage, 
Vpeak is its peak amplitude and fox is the frequency of 
the CLK. In most cases Verror will not be significant. For 
a 60Hz signal on the “~” input to generate a 1/4LSB error 
(1.25mV) with the converter running at CLK = 500kHz, its 
peak value would have to be 150mvV. 


5, Reference Inputs 


The voltage on the reference inputs of the LTC1091-4 de- 
fines the voltage span of the A/D converter. The reference 
inputs look primarily like a 10k resistor but will have tran- 
sient capacitive switching currents due to the switched 
capacitor conversion technique (see Figure 12). During 
each bit test of the conversion (every CLK cycle), a capaci- 
tive current spike will be generated on the reference pins 
by the A/D. These current spikes settle quickly and do not 
cause a problem. However, if slow settling circuitry is 
used to drive the reference inputs, care must be taken to 
ensure that transients caused by these current spikes set- 
tle completely during each bit test of the conversion. 


When driving the reference inputs, three things should be 
kept in mind: 


1. The source resistance (Rout) driving the reference in- 
puts should be low (less than 10) to prevent DC drops 
caused by the 1mA maximum reference current (Iper). 


2. Transients on the reference inputs caused by the 
capacitive switching currents must settle completely 
during each bit test (each CLK cycle). Figures 13 and 14 
show examples of both adequate and poor settling. Us- 
ing a slower CLK will allow more time for the reference 
to settle. However, even at the maximum CLK rate of 
500kHz most references and op amps can be made to 
Settle within the 2us bit time. 


. It is recommended that the REF ~ input of the LTC1094 
be tied directly to the analog ground plane. If REF~ is 
biased at a voltage other than ground, the voltage must 
not change during a conversion cycle. This voltage 
must also be free of noise and ripple with respect to 
analog ground. 


ow 


REF + 


rer REF 


Figure 12. Reference Input Equivalent Circuit 


HORIZONTAL: 1ys/DIV 


Figure 13. Adequate Reference Settling 


VERTICAL: 0.5mV/DIV 


HORIZONTAL: 1ys/DIV 


Figure 14. Poor Reference Setiling Can Cause AID Errors 
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6. Reduced Reference Operation 


The minimum reference voltage of the LTC 1091 is limited 
to 4.5V because the Vcc supply and reference are in- 
ternally tied together. However, the LTC1092/3/4 can oper- 
ate with reference voltages below 1V. 


The effective resolution of the LTC1092/3/4 can be in- 
creased by reducing the input span of the converter. The 
LTC1092/3/4 exhibits good linearity and gain over a wide 
range of reference voltages (see typical curves of Linearity 
and Full Scale Error vs Reference Voltage). However, care 
must be taken when operating at low values of Vper be- 
cause of the reduced LSB step size and the resulting 
higher accuracy requirement placed on the converter. The 
following factors must be considered when operating at 
low Vper values. 


1. Offset 
2. Noise 
3. Conversion speed (CLK frequency) 


Offset with Reduced Vper 


The offset of the LTC1092/3/4 has a larger effect on the 
output code when the A/D is operated with reduced refer- 
ence voltage. The offset (which is typically a fixed voltage) 
becomes a larger fraction of an LSB as the size of the LSB 
is reduced. The typical curve of Unadjusted Offset Error vs 
Reference Voltage shows how offset in LSBs is related to 
reference voltage for a typical value of Vos. For example, a 
Vos of 0.5mV which is 0.1LSB with a 5V reference be- 
comes 0.5LSB with a 1V reference and 2.5LSBs with a 0.2V 
reference. If this offset is unacceptable, it can be cor- 
rected digitally by the receiving system or by offsetting 
the “—” input to the LTC1092/3/4. 


LTC1091/LTC1092 
LTC1093/LTC1094 


Noise with Reduced Vrer 


The total input referred noise of the LTC1092/3/4 can be re- 
duced to approximately 200.V peak-to-peak using a 
ground plane, good bypassing, good layout techniques 
and minimizing noise on the reference inputs. This noise 
is insignificant with a 5V reference but will become a 
larger fraction of an LSB as the size of the LSB is reduced. 
The typical curve of Noise Error vs Reference Voltage 
shows the LSB contribution of this 200,V of noise. 


For operation with a 5V reference, the 200pV noise is only 
0.04LSB peak-to-peak. In this case, the LTC1092/3/4 noise 
will contribute virtually no uncertainty to the output code. 
However, for reduced references, the noise may become a 
significant fraction of an LSB and cause undesirable jitter 
in the output code. For example, with a 1V reference, this 
same 200uV noise is 0.2LSB peak-to-peak. This will reduce 
the range of input voltages over which a stable output 
code can be achieved by 0.2LSB. If the reference is further 
reduced to 200mvV, the 200zV noise becomes equal to one 
LSB and a stable code may be difficult to achieve. In this 
case averaging readings may be necessary. 


This noise data was taken in a very clean setup. Any setup 
induced noise (noise or ripple on Voc, Vrer, Vin or V~) will 
add to the internal noise. The lower the reference voltage 
to be used, the more critical it becomes to have a clean, 
noise-free setup. 


Conversion Speed with Reduced Vper 


With reduced reference voltages, the LSB step size is re- 
duced and the LTC1092/3/4 internal comparator overdrive 
is reduced. Therefore, it may be necessary to reduce the 
maximum CLK frequency when low values of Vper are 
used. 


OER 
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VIN 
LT1025A 


GND COMMON 


= 3.4k 178k 
1% 0.1% 


0°C-500°C Furnace Exhaust Gas Temperature Monitor with Low Supply Detection 


2N3904 


LTC1094 


*YS| 44007, 44034 OR EQUIVALENT 


0°C-100°C 0.25°C Accurate Thermistor Based Temperature — 55°C to + 125°C Thermometer Using Current Output 
Measurement System Silicon Sensors 
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gv 


e 
2N390! 


(11021-5 


TO 
8 68HC05** 
ANALOG 


INPUTS 
0-5V RANGE 


TO ADDITIONAL 
LTC1094s 


“SOLID TANTALUM 


ISOLATION ov 
BARRIER 


**MC68HC05 CODE AVAILABLE FROM 
LINEAR TECHNOLOGY 


Micropower, 500V Opto Isolated, Multichannel, 10-Bit Data 
Acquisition System is Accessed Once Every Two Seconds 
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PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


T, 8 
J Pack jmax iA 
Ss 180°C 100°CW 
J Package N Package Tmax ein N Pack: 
g¢ 110°C 150°CW C age 
8 Lead Ceramic DIP 8 Lead Plastic DIP 
9.005 0.400 
(a7) | — F016) | 
Saw? [040s r va | 
0.025 
(0.635) 
RAD TYP 
0.250 20.010 
35020 241 
(7a 8.13) sal 0.300 0.320 
= _ 0.130 4 0.005 
os ol on e618 aaah Ganson 
120, 
me 0.015 0.060 ico a {0.508} 
a MIN 
£1,008 ~0.018 a ~0.015 | f 
(0:203—-0.460) foes | sn Sai ote 
+0.025 
fue 2.85.2.0.025,_ | oore-0026 An 0325 0.015 0.045 20.015, we Mn 
19.779: 0.635) 10,360 0,660) He (21958) (0330.38) 
MIN 0.381, 0.100 +0.010 _| 0.018 + 0.003 
0,038 — 0.068 | 2.100 0.010, (2.540 + 0.254) {0.457 + 0.076) 
eesti (2 54020.258) ws 
we 


J Package N Package 
16 Lead Ceramic DIP 16 Lead Plastic DIP 


0.25040.010 
(6:35020.254) 


0.290 --0,320 
{7.37—8.13) 


0300-0320 _0.13040.000 0,045 ~0,085, 
(7.620-8.128} (3.302 +0127) (1443-7651) 
0.015 — 0.060 0.020 ios 
(0.38— 1.52} (0.908) 
WIN 
0.009 -0.015 i Zo [104s 0.015 aie 
0.008 -0.018 0.038-0.068 ozs-oxi) 175) 1-143 20.281) 0457.£0.076) 
(0.203-0.460) 9.125, (2.030) (0.965—1.727) +0.025 
8.175) 0.385 “0.015 0.100 20.010 
0.385 2 0.025 = 0.1000.010. 0.014- 0.025 Goss £055) 2 54020.254) 
(8.779 + 0.635) 540s 0.254) (0.36 0.66) ~0.%y 


J Package N Package 
20 Lead Ceramic DIP 20 Lead Plastic DIP 


225020010 
(6.350 + 0.254) 


0.290 - 0.320 


ea 


064 0.130 + 0.005 0.085 
cuss Os! ee 
SEALANT 


0,300-0.320 13.302 4 0.127 a 
t | ire20-8.178) [~~ ow | 
corso. f ea = 
Waar 1.524) 5085) fi 
5 eae eel Max BS 
q | 0.009 —0.015 


|g 0.045 ~0,065. 
| 
0.008 0.018 |g. 2.080 [case 0.068 | | 0.10020.010 {9.220.261 ae Tag 1651) 0.400 40.010 
(0.203=0.457) 125 (2.032) (0965-1727) (2.54020.254) MIN 12.540 20.254) 
& 175) MAX 
0.385 20.025 MIN 0.014—0,026 


0°-15° 


0.325 +2.025 
0.015 0.06520.015 9.018 20.003 
19.779.0.635) {0356-0 -660) er) ozs 7085 (165120.381) {0.457 0.076) nzn108 


= 0.381 
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7 @ Ah iish” sc1096 


Complete 10-Bit Data 


Acquisition System with On Board Reference 


FEATURES 


= OnBoard 5V Precision Buried Zener Reference 

= Software Controlled 6 Channel Multiplexer 

= Differential and Single Ended Input Capability 

® Built-In Sample and Hold for Single Ended Inputs 

® Analog inputs Common Mode to Both Supply Rails 

® Single Supply (7.2V to 40V) or Split Supply Operation 

® 10 Bit Unipolar or 9 Bit Plus Sign Bipolar 

= 2's Complement Output Coding on Bipolar Conversions 

® Direct Interface to Most Microprocessor Serial Data 
Ports Including Mortorola SPI, Hitachi SC/ and National 
MICROWIRE/PLUS* 

= Software Interface to Other Microprocessor Parallel 
Ports 

m MSB or LSB First Data 


KEY SPECIFICATIONS 

= Resolution 10 Bits 
= Linearity Error +0.5LSB (0.05% FSR) Max 
= Total Unadjusted Error +0.15% FSR 
= Conversion Time 20ys 
= Sampling Rate 25kH2 


= Supply Current 
« Full Scale Error Temperature 


4.7mA Max, 2.3mA Typ 


DESCRIPTION 


The LTC1095 is a complete data acquisition component 
which contains a serial \/0, successive approximation A/D 
converter, a 6 channel multiplexer, a sample and hold, and 
an on board reference. It uses LICMOS™ switched capaci- 
tor technology to perform either 10 bit unipolar, or 9 bit 
plus sign bipolar A/D conversions. The 6 channel input 
multiplexer can be software configured for either single 
ended or differential inputs (or combinations thereof}. The 
onchip sample and hold is included for all single ended in- 
put channels. The LTC1095 is specified as a complete 
system. This specification includes the error contribution 
of the A/D, MUX, S&H, and reference. 


The serial 1/0 is designed to be compatible with industry 
standard serial interfaces. It allows either MSB or LSB 
first data and automatically provides 2’s complement out- 
put coding in the bipolar mode. This allows easy interface 
to shift registers and a variety of processors. 


All grades of the LTC1095 have guaranteed maximum off- 
set and linearity errors of + 0.5LSB over the full operating 
temperature range. The LTC1095B is specified with gain 
error less than +0.1% maximum. 


Drift (B Grade) 23ppmi°C Max The LTC1095C is specified with a gain error limit of + 0.2% 
*MICROWIRE/PLUS is a trademark of National Semiconductor. FSR maximum. 
TYPICAL APPLICATIONS 


Micropower, 500V Opto Isolated, Multichannel, 10-Bit Data Acquisition System 


6 
ANALOG 
INPUTS 
0-5¥ RANGE 


FOR MCBBHCDS CODE BARRIER 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


(Notes 1 and 2) 
Supply Voltage (Vt)toGND .........c.cccceeeea eases 40V 
Supply Voltage (Voc) toGNDorV~ .....c.ceeeeee eee 12V 
Negative Supply Voltage (V~)............068 -6V to GND 
Voltage 
Analog and Reference Inputs ..(V~} -0.3V to Voc + 0.3V 
Digital Inputs ............cecceeeeeeeeees ~0.3V to 12V 
Digital Outputs ...............006 -0.3V to Veg +0.3V 
Power Dissipation ............cescenseceeeseeeas 500mW 
Operating Temperature Range 
LTC1005BC, LTC1095CC ..... cee eee 0°C to 70°C 
LTC1095BM, LTC1095CM ............. ~ 56°C to 126°C 
Storage Temperature Range............. ~ 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.)............5. 300°C 


ORDER PART 
NUMBER 


LTC1095BMJ 
LTC1095CMJ 
LTC1095BCJ 


LTC1095CCU 
LTC1095BCN 
LTC1095CCN 


CONVERTER AND MULTIPLEXER CHARACTERISTICS (oie 


(With internal reference) 


~ | CONDITIONS 
PARAMETER (See Schematic of Figure 1) 


Offset Error 
Linearity Error (Notes 4 and 5) 
Gain Error (Note 4) 


Commercial Range | @ 


Military Range e 


Total Unadjusted Error (Notes 4 and 6) 


Commercial Range | @ 
Military Range e 


MAX UNITS 
. LSB 

+0.2 %FSR 

+03 

+04 

+£0.25 %FSR 

40.95 


Full Scale Error | Commercial Grade | e | (Note 9) (Note 9) 
Temperature Coefficient Military Grade e 45 ppmi°c 


(Note 10} es ee (ae 


—_—L. 
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INTERNAL REFERENCE CHARACTERISTICS (oie) 


4) LTC1095B a LTC1095¢ 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
— +— 47 
Output Voltage a 5.000 if 5.000 V 
Output Voltage Temperature -~ 2 5 ppm/eC 
Coefficient ace 
i —t 
Line Regulation 7.2VsV* <10V 4 12 4 12 ppm/V 
e [_ 20 20 
10V eV <40V | 2 | 2 6 
10 10 
es oe Bs 
Load Regulation O<lnee ourl s 10mA | 0» 25 i. 10. 2 | ppmima 
{Sourcing Current) | e | 40 40 | 
Load Regulation 0<|lper ourl <10mA 60 0.” 60 150 
(Sinking Current) e 200 | 200 
DIGITAL AND DC ELECTRICAL CHARACTERISTICS (notes) 
LTC1095B/LTC1095C 
SYMBOL PARAMETER CONDITIONS L_ MIN TYP MAX UNITS 
Vin High Level Input Voltage He Voc = 5.26V =4 e 2.0 V 
Vit Low Level Input Voltage Veg = 4.75V LJ 0.8 Vv 
li High Level Input Current e 25 pA 
Low Level Input Current Vin = OV e -25 nA 
Vou High Level Output Voltage Voc =4.75V, lo = 10pA 47 V 
Io = 360pA e 2.4 40 Ws. Vv 
Vor Low Level Output Voltage Vocg = 4.75V, lo = 1.6mA e 0.4 V 
lag | Hi-z Output Leakage Vour=Voo.C8 High Te 3.C yA 
Vour = OV, CS High e -3 aA 
lsource [ss Output Source Current | Vour=0V | -10 mA 
Isink | Output Sink Current Vout= Voc [ 10 [| _ma 
loc Positive Supply Current | ¢s High, REF* Open Te 1.0 2.5 mA 
, eat 
JREF IN [ Reference Input Current {REF =5V e 0.5 1.0 mA 
I- Negative Supply Current CS High e 1 50 | pA 
it On Chip Reference Current {___Vt=10V REFour Open e 0.8 1.2 i mA 
| Reference Input Resistance _| 10 ka 
Analog and REF Input Range T (Note 7} (V=}-0.05V toVoo+0.05V | v 
On Channel Leakage On Channel =5V ij 
Current (Note 8) Off Channel = 0V e 1 pA 
On Channel = 0V 
Off Channel = 5V e ~1 
r Off Channel Leakage On Channel = 5V - 
Current (Note 8) Off Channel = 0V eo; ~1 pA 
On Channel = 0V 
L | Off Channel = 5V e| 1 
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AC CHARACTERISTICS iote3) 


LTC1095BiLTC1095C | 


SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
toup Analog Input Sample Time See Operating Sequence | 15 CLK Cycles 
Conversion Time See Operating Sequence | 10 uke CLK Cycles 

ty Delay Time, CLK! to Doyy Data Valid See Parameter Measurement Section | @ 400 850 ns 
tais Delay Time, CS! to Doyr Hi-Z See Parameter Measurement Section | @ 180 450 T ns 
ten Delay Time, CLK! to Doyr Enabled See Parameter Measurement Section | @ 160 450 4 ns 
thoo Time Output Data Remains Valid After CLK! lies 150 ns 
tf Doyr Fall Time See Parameter Measurement Section | @ 90 =: 300 Cc ns 
t Dour Rise Time See Parameter Measurement Section | @ 60-300 ns 
Cin Input Capacitance Analog Inputs On Channet i” 65 a pF 
Off Channel 5 pF 

Digital Inputs 5 pF 


Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: Ail voltage values are with respect to ground with DGND, AGND, 
and REF~ wired together (unless otherwise noted). 

Note 3: Vog = 5V, REFiy= REF oyy, V* = 10V, lner qur=0, V~ = OV for uni- 
polar mode and —5V for bipolar mode, CLK = 0.5MHz unless otherwise 
specified. The @ indicates specs which apply over the full operating tem- 
perature range; all other limits and typicals T, = 25°C. 

Note 4: These specs apply for both unipolar and bipolar modes. In bipolar 
mode, one LSB is equal to the bipolar input span (2REF)y) divided by 1024. 
For example, when REF\y = 5V, 1LSB (bipolar) = 2(5V\/1024 = 9.77mV. 

Note 5: Linearity error is specified between the actual end points of the A/D 
transfer curve. 

Note 6: Total unadjusted error includes offset, full scale, linearity, multi- 
plexer, reference and hold step errors. 

Note 7: Two on-chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 


below V~ or one diode drop above Voc. Be careful during testing at low Voc 
levels (4.5V), as high level reference or analog inputs (5V) can cause this in- 
put diode to conduct, especially at elevated temperatures, and cause errors 
for inputs near full-scale. This spec allows 50mV forward bias of either 
diode. This means that as long as the reference or analog input does not ex- 
ceed the supply voltage by more than 50mvV, the output code will be correct. 
To achieve an absolute OV to SV input voltage range will therefore require a 
minimum supply voltage of 4.950V over initial tolerance, temperature varia- 
tions and loading. 

Note 8: Channel leakage current is measured after the channel selection. 
Note 9: For commercial grade parts with tested and specified T.C. consult 
the factory. 

Note 10: This is specified for both unipolar and bipolar modes via the 
“box” method. The lowest of three readings (Thin, Troom, Taax) subtracted 
from the highest and divided by Tay — Tyjy is guaranteed to be less than 
the specified T.C. These numbers are guaranteed by the MIL range gain er- 
ror test limits. For tighter T.C. specifications, consult the factory, 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER 


LTC1O9SBILTC1095C | 
AX 


Supply Voltage 


Negative Supply Voltage 
Clock Frequency 
Total Cycle Time 


Hold Time, Djy After SCLK1 


CONDITIONS MIN M UNITS 
45 10 Vv 

Voc = 5V -55 0 V 

Voce 8V = an ee Miz 
18 CLK Cycles + 2us 

Voo=5¥ 150 ns 


Setup Time CS! Before CLKI 


Setup Time, Dy Stable Before CLKI 


twuciK CLK High Time 

twucik CLK Low Time 

twos CS High Time Between Data Transfer Cycles 
twies CS Low Time During Data Transter 


2 ps 


18 |___ CLK Cycles 
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TEST CIRCUITS 


On and Off Channel Leakage Current Load Circuit for typo, t,, and ts 


SV 1.4V 


3kQ 
ON CHANNEL 


Dout TEST POINT 


T 100pF 


OFF 
CHANNELS 


Voltage Waveforms for Doyt Rise and Fall Times, tr, ts 


Dour 


CLK 


Dout 


ws 

Dour 

> WAVEFORM 1 

Load Circuit for tgs and ten (SEE NOTE 1) 
wavEroRM 2 

Ura (SEE NOTE 2) 


POINT 


5V tig WAVEFORM 2, ten 
NOTE 1: WAVEFORM 1 IS FOR AN QUTPUT WITH INTERNAL CONDITIONS SUCH THAT 
THE OUTPUT IS HIGH UNLESS DISABLED BY THE OUTPUT CONTROL. 


tai 1 
l dis WAVEFORM NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT 9 


= = THE OUTPUT IS LOW UNLESS DISABLED BY THE OUTPUT CONTROL. 


Voltage Waveforms for ten 


CLK 1 2 3 4 5 6 7 


D. 
‘OUT 0.4V B9 
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PIN FUNCTIONS 
| urciogs# | PIN [FUNCTION [DESCRIPTION 


1-6 CHO-CH5 Analog Inputs The analog inputs must be free of noise with respect to AGND. 

Common The common pin defines the zero reference point for all single ended inputs. It 
must be free of noise and is usually tied to the analog ground plane. 

This is the ground for the internal logic. Tie to the ground plane. 

Tie V~ to most negative potential in the circuit. (Ground in single supply 
applications.) 

Supply pin for on board reference. 


Digital Ground 
9 V- Negative Supply 


10 Reference Supply 


11 REF yt Reference Output Output of on board reference. 
12 AGND Analog Ground AGND should be tied directly to the analog ground plane. 
13 REF wy Reference Input The reference input must be kept free of noise with respect to AGND. 
14 Om Data Input The A/D configuration word is shifted into this input. 
15 D, Digital Data Output The A/D conversion result is shifted out of this output. 
16 ei Chip Select Input A logic low on this input enables the LTC 1095. 
CLK Shift Clock This clock synchronizes the serial data transfer. 


This supply must be kept free of noise and ripple by bypassing directly to the 
analog ground plane. 


Positive Supply 


BLOCK DIAGRAM 


INPUT SHIFT 
REGISTER 


Din 


OUTPUT SHIFT 
REGISTER 


10-BIT 
CAPACITIVE 


CONTROL 
AND 
TIMING 


5V 
REFERENCE 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Change in Linearity Error vs 
Temperature 


Change in Offset Error vs 
Temperature 


2 
a 


REF jy=5V 
CLK =500kHz REF jy=5V 


CLK =500kHzZ 


S 
wn 


ad 
n 


a 
wo 


S 
ip 


° 


MAGNITUDE OF OFFSET CHANGE, | AOFFSET| (LSBs) 
MAGNITUDE OF LINEARITY CHANGE, | ALINEARITY | (LSBs) 


0 
-50 -25 0 2 S80 75 100 125 
AMBIENT TEMPERATURE, TA (°C) 


-50 -2 0 22% SO 7 100 125 
AMBIENT TEMPERATURE, Ta (°C) 


Digital input Logic Threshold vs 


Voc Supply Voltage Dour Delay Time vs Temperature 


Let LA 
Zoe ake 


| 


8 8 8 8 8 


LOGIC THRESHOLD (V) 


FS 


Dour DELAY TIME FROM SCLKI, tgpg (ns) 


-50 -2 0 2 50 75 100 125 
AMBIENT TEMPERATURE, Ta (°C) 


SUPPLY VOLTAGE, Voc (V) 


Maximum Clock Rate vs 


Maximum Clock Rate vs Voc 
Temperature 


Supply Voltage 


bd 
an 


nN 
o 


nd 
o 


o 


| 


= 
an 


MAXIMUM CLK FREQUENCY* (MHz) 
MAXIMUM CLK FREQUENCY* (MHz) 
o 


2° 
a 


-50 -25 0 2 §0 75 100 125 4 5 6 7 8 9 10 
AMBIENT TEMPERATURE, Ta (°C) SUPPLY VOLTAGE, Ver (¥) 


“MAXIMUM CLK FREQUENCY REPRESENTS THE HIGHEST FREQUENCY AT WHICH CLK CAN BE 
OPERATED (WITH 50% DUTY CYCLE) WHILE STILL PROVIDING 100ns SETUP TIME FOR THE 
DEVICE RECEIVING THE Doyt DATA. 


Change in Full Scale Error vs 
Temperature 


MAGNITUDE OF FULL SCALE CHANGE [AF-.S. | (LSBs) 


50-25 0 2 50 75 100 125 
AMBIENT TEMPERATURE, Ta (°C) 


Dour Delay Time vs Voc Supply 
Voltage 


s 8 


FIRST DATA 


gs 8 


8 


Dour DELAY TIME FROM SCLKI, tgpg (ns) 


4 5 6 7 8 9 10 
SUPPLY VOLTAGE, Voc (V) 


Minimum Clock Rate vs 
Temperature 


-50 -25 0 2% 50 75 100 125 
AMBIENT TEMPERATURE, TA (°C) 


MINIMUM CLK FREQUENCY (AERROR <0.1LSB)** (MHz) 


**AS THE CLK FREQUENCY IS DECREASED FROM 500kHz, MINIMUM CLK FREQUENCY 
{AERROR <0. 1LSB) REPRESENTS THE FREQUENCY AT WHICH A 0.1LSB SHIFT IN ANY CODE 
TRANSITION FROM ITS 500kHz VALUE IS FIRST DETECTED. 


LT Wie 
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TYPICAL PERFORMANCE CHARACTERISTICS 


cs 


So 
nD 
a 


i=) 


MAXIMUM CLK FREQUENCY (AERROR <0. 1LSB)*** (MHz) 
° 
a 


40 
2 9 
ZB 4 
x 
Ss ! 
2 
1 «6 
Bs 
Ss 4 
ac 
& 3 
irr] 
2 2 
Ss 


om 


PEAK-TO-PEAK NOISE ERROR (LSBs) 


*** AS THE CLK FREQUENCY AND SOURCE RESISTANCE ARE INCREASED, MAXIMUM CLK 
FREQUENCY (AERROR <0.1LSB) REPRESENTS THE FREQUENCY AT WHICH A 0.1LSB SHIFT IN 


—) 


Maximum Clock Rate vs Source 


Resistance 
Veo =5V 
Ta=25°C 


PTT q 
Rsquace 


400 1k 
Rsounce (2) 


Unadjusted Offset Error vs 
Reference Voltage 


0.2 1.0 5.0 
REFERENCE VOLTAGE, REF y (V) 


Noise Error vs Reference Voltage 


0.2 1 5 
REFERENCE VOLTAGE, REF \y (V) 


100k 


10k 


= 
x 


100 


MAXIMUM Reitten”***(@) 


10 


x REF iy) 


1024 


mails 


LINEARITY ERROR {LSBs 


1.25 


1.0 


° 
~ 
aH 


OFFSET ERROR (LSBs) 


Maximum Filter Resistor vs Cycle 


Time 


Reiter 


Vin 


CUTER oF —— 


10 100 1000 
CYCLE TIME, toy¢ (us) 


Linearity Error vs Reference 
Voltage 


10k 


0 1 2 3 4 
REFERENCE VOLTAGE, REF jy (V) 


Offset Error vs Supply Voltage 


REF \y=4V 
CLK = 500kHz 
Vog =1.25MV @Vco=5V 


4 5 6 7 & q 
SUPPLY VOLTAGE, Vcg (V) 


ANY CODE TRANSITION FROM ITS S00kHz, Of VALUE |S FIRST DETECTED. 


10 


S &H ACQUISITION TIME TO 0.1% (us) 


0.1 


100 


1.25 


x REF in) 


1024 


est. 


CHANGE IN FULL SCALE ERROR (LSBs 
° 
ao 


1.25 


LINEARITY ERROR (LSBs) 


Sample and Hold Acquisition 
Time vs Source Resistance 


t Veo =5V 


Ta=25°C 


0 TO SV INPUT STEP 


+ 


Resource +; 


tk 10k 
Resource * (2) 


Change in Full Scale Error vs 
Reference Voltage 


{ 2 3 4 5 
REFERENCE VOLTAGE, REF in (V) 


Linearity Error vs Supply Voltage 


REF \n=4V 
CLK = 500kHZ 


+ 


SUPPLY VOLTAGE, Voc (¥) 


“*** MAXIMUM Rei ter REPRESENTS THE FILTER RESISTOR VALUE AT WHICH A 0.1LSB 
CHANGE IN FULL-SCALE ERROR FROM ITS VALUE AT Re teR=0 IS FIRST DETECTED. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


CHANGE IN FULL SCALE ERROR (LSBs) 


Change in Full Scale Error vs Vec Vcc Supply Current vs Supply Voc Supply Current vs 
Supply Voltage Voltage Temperature 
0.5 1.4 
REF iy=4V REF jy OPEN REF jy OPEN 
CLK =500kHz CLK =500kHz 4 12 |__ CLK =500kHz 
0.25 ap CS=Voc ; cS=5V 
é Tasepre z Voo=5V 
=e E10 +—— 
0 = 8 
= E 
e Z 08 
ac 
~0.25 3 = 
2 S 06 
a a 
-0.5 a 2 
0.2 
4 5 6 7 8 9 10 4 5 6 ra 8 9 10 -50 -25 0 25 50 75 100 125 
SUPPLY VOLTAGE, Voc (V) SUPPLY VOLTAGE, Vcc (V) AMBIENT TEMPERATURE, T, (°C) 
Input Channel Leakage Current vs V+ Supply Current vs 
Reference Current vs Temperature Temperature Temperature 
0.6 1000 3.00 RI 
as i es ee | 
= REF gut DRIVING 
= 05 tt —] 5 900 GUARANTEED S REF jy AND 
z a fed POWERING Vo 
a 0.4 3 2. 
= wy 600 
= 3 
& 03 # 500 
oc = 
2 az 400 
3 02 2 300 1. 
Go = 
oc oO 
tu 5 200 
#04 = 0 REF ut OPEN 


0 


-§0 -2 0 2 50 78 100 125 -50 -25 0 2 50 75 100 125 50-25 0 25 50 75 100 125 
AMBIENT TEMPERATURE, Ta (°C) AMBIENT TEMPERATURE, Ta (°C) AMBIENT TEMPERATURE, Ta (°C) 
V+ Supply Current vs Supply Change in Full Scale Error vs V+ om 
Voltage Supply Voltage 
2.25 Z 0.6 
”n 
REF our DRIVING = 
2.00 REF jy AND a 05 
Bae POWERING Voc 5 
€ a 
+ 175 g 04 
pet = 
z & 
f 1.50 REF out 403 
s ORIVING s 
oOo wn 
> = 
ae z 0.2 
a f=] 
1.00 B 01 
= 
= 
3B 
0.75 Zz 0 = 
5 10 15 20 2 30 35 40 0 5 10 15 2 2 30 35 40 
SUPPLY VOLTAGE, V+ (V) SUPPLY VOLTAGE, V+ (V) 
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APPLICATIONS INFORMATION 


The LTC1095 is a data acquisition component which con- 
tains the following functional blocks: 


1. 10-bit successive approximation A/D converter 
2. Analog multiplexer (MUX) 

3. Sample and hold (S&H) 

4. Synchronous, half duplex serial interface 

5. Control and timing logic 

6. On board reference 


DIGITAL CONSIDERATIONS 
1. Serial interface 


The LTC1095 communicates with microprocessors and 
other external circuitry via a synchronous, half duplex, 
four wire serial interface (see Operating Sequence). The 
clock (CLK) synchronizes the data transfer with each bit 
being transmitted on ihe falling CLK edge and captured on 
the rising CLK edge in both transmitting and receiving sys- 
tems. The LTC1095 first receives input data and then 
transmits back the A/D conversion result (half duplex). Be- 
cause of the half duplex operation, Diy and Dour may_be 
tied together allowing transmission over just 3 wires: CS, 
CLK and DATA (Din/Dourt). 


Data transfer is initiated by a falling chip select (CS) 
signal. After CS falls the LTC 1095 looks for a start bit. Af- 
ter the start bit is received, a 6-bit input word is shifted into 
the Diy input which configures the LTC1095 and starts the 
conversion. After one null bit, the result of the conversion 
is output on the Dour line. At the end of the data exchange 
CS should be brought high. This resets the LTC1095 in 
preparation for the next data exchange. 


[ Om | 
[Dow 
Address in 4 4 
1 Null Bit Shift A/D Conversion 
Result Out 


2. Input Data Word 


The LTC1095 clocks data into the Din input on the rising 
edge of the clock. The input data word is defined as follows: 


Unipolar! 


LTC1095 Data input (Dy) Word Bipolar 


Start Staal 


ODD/|SELECT|SELECT ca 
re ji a aa 


DIFF 


MUX Address MSB First/ 


LSB First 


Start Bit 


The first “logical one” clocked into the Din input after CS 
goes low is the start bit. The start bit initiates the data 
transfer. The LTC1095 will ignore all leading zeros which 
precede this logical one. After the start bit is received, the 
remaining bits of the input word will be clocked in. Further 
inputs on the Din pin are then ignored until the next CS 
cycle, 
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APPLICATIONS INFORMATION 
Multiplexer (MUX) Address 


The bits of the input word following the START bit assign 
the MUX configuration for the requested conversion. For a 
given channel selection, the converter will measure the 
voltage between the two channels indicated by the + and 
~ signs in the selected row of the following tables. In sin- 
gle ended mode, all input channels are measured with re- 
spect to COM. 


LTC 1095 Channel Selection 


MUX ADDRESS DIFFERENTIAL CHANNEL SELECTION 


MSB FirstLSB First (MSBF) 


The output data of the LTC1095 is programmed for MSB 
first or LSB first sequence using the MSBF bit. When the 
MSBF bit is a logical one, data will appear on the Dour jine 
in MSB first format. Logical zeros will be filled in indefi- 
nitely following the last data bit to accommodate longer 
word lengths required by some microprocessors. When 
the MSBF bit is a logical zero, LSB first data will follow the 
normal MSB first data on the Dowt line. (See operating 
sequence). 


| | - 1+ 
MA Ey 
Poof + ft af Notusen 
LTC1095 Operating Sequence 
Example: Differential Inputs (CH4 +, CH5—), Unipolar Mode 


MSB First Data (MSBF = 1) 


SGL/ ODD/ SELO 
_._ DIFF SIGN 
Hi-Z 


START SEL1 UNI 


on 7 LMM ME SS 


SGL/ rid SELO 
DIFF SiG 
Hi-Z 


Cour 


FILLED 
WITH ZEROES 
tsp. —* tony 
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Unipolar/Bipolar (UNI) Bipolar Output Code (UNI = 0) 
The UNI bit of the LTC1095 determines whether the conver- ‘ ou INEST NOUIAGE 
sion will be unipolar or bipolar. When UNI is a logical one, a peas pees a — eo 
unipolar conversion will be performed on the selected input 0111111140 REF —218B 4.9805V 
voltage. When UNT is a logical zero, a bipolar conversion will . . . 
result. The input span and code assignment for each con- : : 
version type are shown in the figures below. 0000000001 1LSB 0.0098V 
0000000000 ov ov 
ipolar = 1444449904 - 1LSB ~ 0,0098V 
Unipo outa vote Ue Wy 1111111110 ~2LSB —0.0195V 
INPUT VOLTAGE : : ; 
OUTPUT CODE INPUT VOLTAGE (REF y= 5V) : 
1199999914 REF iy ~ 1LSB 4.9951V 1000000001 — (REF )y) + 1LSB ~ 4.9902V 
1111111110 i ac 4.9902V 1000000000 — (REF y) ~5,000V 
e e =z 
e e se 
e e e 
0000000001 1LSB 0.0049v 
0000000000 ov ov 


Unipolar Transfer Curve (UNI = 1) 


111111141 1-----------------~--- 
1141414110f----------~------ 


0000000001 
0000000000 


ov 4LSB REFiy—2LSB1 REF iy 


t 
REF |y—1LSB 


Bipolar Transfer Curve (UNI = 0) 


0111111111 
0111111110 


~REF n+ 1LSB 0000000001 
0000000000 


—REF In 


REF vn 
qadqaadidt IN 


1141111110 


REF jy —2LSB 1 
| 


i] 
1 
H 
H \ 
' REF jy — 1LSB 
' 

t 


1000000001 
1000000000 
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3. Accommodating Microprocessors with Different Word 
Lengths 


The LTC1095 will fill zeroes indefinitely after the transmit- 
ted data until CS is brought high. At that time the Doyr line 
is disabled. This makes interfacing easy to MPU serial 
ports with different transfer increments including 4 bits 
(e.g., COP400) and 8 bits (e.g., SPI and MICROWIRE/PLUS). 


Figure 1 shows examples of LTC1095 input and output 
words for 4-bit and 8-bit processors. A complete data ex- 
change can be implemented with two 4-bit MPU outputs 
and three inputs in 4-bit systems and one 8-bit output and 
two inputs in 8-bit systems. The resulting data winds up 
left justified in the MPU with zeroes automatically filled in 
the unused low order bits by the LTC 1095. In section 5 an- 
other example is given using the MC68HC05C4 which 
positions data right justified inside the MPU. 


4. Operation with Diy and Doyt Tied Together 


The LTC1095 can be operated with Diy and Dour tied to- 
gether. This eliminates one of the lines required to 
communicate to the MPU. Data is transmitted in both 
directions on a single wire. The processor pin connected 
to this data tine should be configurable as either an input 
or an output. The LTC1095 will take control of the data line 
and drive it low on the 7th falling CLK edge after the start 
bit is received (see Figure 2). Therefore the processor port 
line must be switched to an input before this happens, to 
avoid a conflict. 


In the next section, an example is made of interfacing the 
LTC1095 with Diy and Dour tied together to the Intel 8051 
MPU. 


START 
f [Bee [oon | [ow wse V7 
Dw BiFE sign S' | SO | UNI MsBF eee 


Hi-Z 


Dour 89 | BB} B71 86} BS B4 | 83} B2 | BI} BO 


START 


Dy WORDS Le er 
2 Dyy WORDS DIFF_ SIGN 
4.BIT 
TRANSFERS 
MPU READS BACK 
3 Dour WORDS, 


START 


SGL/ O0D/ 
1 bier sign 51 SO UNI MSBF Xx 


MPU SENDS. 
1 Dyy WORD 


8-BIT 
TRANSFERS 
MPU READS BACK 


2 Doyr WORDS 


FILL ZEROES 


X=DON'T CARE 


69 88 B67 86})B5 B4 B3 B2}iB1 B oO 0 


69 88 87 BE BS B4 B83 B2]}81 8 0 0 80 80 0 Oo 


Figure 1. LTC1095 Input and Output Word Arrangments for 4-Bit and 8-Bit Serial Port Microprocessors 
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MSBF BIT 
LATCHED 
BY LTC1095 


SGL/ odd/ 
DATA (Diy/Dout) start \pirf sign? St so UN) = MSBE 89 Bao ge ee 
ee ee re bf 
MPU CONTROLS 1 | LTC1095 CONTROLS 
DATA LINE AND SENDS rd DATA LINE AND SENDS 
MUX ADDRESS TO LTC1095 bat A/D RESULT BACK TO MPU 

Id 

PROCESSOR |_| 

MUST RELEASE {| 

ATK LINEARTER TTF LTC1096 TAKES CONTROL OF DATA LINE 
RISING CLK AND BEFORE FALLING CLK 


THE 7TH FALLING CLK 
Figure 2. L¥C1095 Operation with Diy and Doyt Tied Together 


5. Microprocessor Interfaces 


The LTC1095 can interface directly (without external hard- 
ware) to most popular microprocessor (MPU) synchronous 
serial formats (see Table 1). If an MPU without a dedicated 
serial port is used, then 3 or 4 of the MPU’s parallel port 
lines can be programmed to form the serial link to the 
LTC1095. Included here are one serial interface example 
and one example showing a parallel port programmed to 
form the serial interface, 


Motorola SPI (MC68HC05C4, MC68HC11) 


The MC68HC05C4 has been chosen as an example of an 
MPU with a dedicated serial port. This MPU transfers data 
MSB first and in 8-bit increments. With three 8-bit trans- 
fers, the A/D result is read into the MPU. The first 8-bit 
transfer sends the start bit and the SGL/DIFF bit of the Din 
word to the LTC1095, The second 8-bit transfer clocks the 
remaining Diy word bits, and B9 and B8 of the A/D conver- 
sion result. The third transfer clocks the remaining Dour 
bits into the pP. 


ANDing the most significant byte with 03 Hex clears the 6 
most significant bits. Notice how the position of the start 
bit in the first MPU transmit word is used to position the 
AID result right justified in two memory locations. 
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Table 1. Microprocessors with Hardware Serial 
Interfaces Compatible with the LTC1095 


PART NUMBER 


MC680582, $3 
MC68HC11 


National Semiconducto! 


TYPE OF INTERFACE 


SCI Synchronous 
SCI Synchronous 
SCI Synchronous 
SCI Synchronous 
SCI Synchronous 
cso 


COP400 Family 
COP800 Family 


NS8050U 
HPC16000 Family 


MICROWIREt 
MICROWIRE/PLUST 
MICROWIRE/PLUS 
MICROWIRE/PLUS 


Texas Instruments 


TMS7002 
TMS7042 
TMS70C02 
TMS70C42 
TMS32011* 
™MS32020 


TMS320025* 


Serial Port 
Serial Port 
Serial Port 
Serial Port 
Serial Port 
Serial Port 
Serial Port 


*Requires external hardware 
{MICROWIRE and MICROWIRE/PLUS are trademarks 
of National Semiconductor Corp. 
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Data Exchange Between LTC1095 and MC68HCO5CA 


BYTE 1 BYTE 3 (DUMMY) 


MPU TRANSMT nooDDon ao [fo TI eT Tx fed «fed 
ss X=DON'T CARE 
nora pggogoon Plsiel=l=i=[=F 


Hardware and Software Interface to Motorola MC68HC05C4 
Microcontroller 


[| LABEL | MNEMONIC | COMMENTS 


START Bit 0 Port C goes low (CS goes low) 

Load LTC 1095 Dyy word into Acc. 

Load LTC1095 Diy word into SPI from Acc. 
Transfer begins. 

Test status of SPIF 

Loop to previous instruction if not done 
with transfer 

Load next LTC1095 Dy word into Acc. 
Load LTC1095 D,y word into SPI from Acc. 
Transfer begins. 

Test status of SPIF 

Loop to previous instruction if not done 
with transfer 

Load contents of SPI data register 

into Acc. (Doyr MSBs) 

Start next SPi cycle 

Clear 6 MSBs of first Dour word 


LTC 1095 MC68HCOS5C4 


ANALOG 
INPUTS 


Dour from LTC 1095 stored in MC68HC05C4 RAM 


MSB Store in memory location A (MSBs) 
: Test status of SPIF 
Location A 00000 0 Bo B byte 1 Loop to previous instruction if not done 
LSB withtransfer 


Set BO of Port C (CS goes high) 
Load contents of SPI data register into 
Acc. (Doyr LSBs) 

Store in memory location A + 1 (LSBs) 


LocationA+1 {B7 B6 BS B4 B3 B2 B1 BO} byte2 
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Interfacing to the Parallel Port of the Intel 8051 Family 


The Intel 8051 has been chosen to demonstrate the inter- 
face between the LTC1095 and parallel port microproc- 
essors. Normally the CS, CLK and Dy signals would be 
generated on 3 port lines and the Dour signal read on a 4th 
port line. This works very well. However, we will demon- 
strate here an interface with the Diy and Doyr of the 
LTC1095 tied together as described in section 4. This 
saves one wire. 


The 8051 first sends the start bit and MUX address to the 
LTC1095 over the data line connected to P1.2. Then P1.2 is 
reconfigured as an input (by writing to it a one) and the 
8051 reads back the 10-bit A/D result over the same data 
line. 


Hardware and Software Interface to 8051 Microcontrolier 


wie 
INPUTS 
‘MUX ADDRESS 
A/D RESULT 
Dour from LTC1095 stored in 8051 RAM 
MSB 
R2 B9 B8 B7 B6 BS B4 B3 B2 
LSB 


R3 [B1B0 0 0 0 0 0 Oj 


Data Exchange Between LTC1095 and 8051 


MSBF BIT LATCHED 
Fc INTO LTC1095 


SGL/ — OD0/ 
DATA (Diw/Doyt) START\ Birr sign’ S1 \ SO / UNI MSBF 
1 


| 

8051 P1.2 OUTPUTS DATA 11 

TO LTC1095 ; i 

8051 Pt.2 RECONFIGURED =| 

AS AN INPUT AFTER THE 7TH RISING >t 
CLK AND BEFORE THE 7TH FALLING CLK 
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LTC1095 SENDS A/D RESULT 
BACK TO 8051 P1.2 


j_-LTC1098 TAKES CONTROL OF DATA 
LINE ON 7TH FALLING CLK 


| LABEL | MNEMONIC | OPERAND | COMMENTS 
A, #FFH Djy word for LTC1095 
P1.4 Make sure CS is high 
P1.4 CS goes low 
R4, #07 Load counter 
A Rotate Diy bit into Carry 
P1.3 CLK goes low 
P1.2,C Output Diy bit to 
LTC 1095 
P1.3 CLK goes high 
R4, LOOP 1 Next bit 
P1, #04 Bit 2 becomes an input 
P13 CLK goes low 
R4, #09 Load counter 
C,P1.2 Read data bit into Carry 
A Rotate data bit into Acc. 
P1.3 CLK goes high 
P13 CLK goes low 
R4, LOOP Next bit 
R2,A Store MSBs in R2 
C,P1.2 Read data bit into Carry 
P13 CLK goes high 
P13 CLK goes low 
A Clear Acc. 
A Rotate data bit from 
Carry to Acc. 
C, P12 Read data bit into Carry 
A Rotate right into Acc. 
A Rotate right into Acc. 
R3,A Store LSBs in R3 


CS goes high 
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6 CHANNELS 


210 
OUTPUT PORT 3 
SERIAL DATA 


3 3 
S| Eos 


6 CHANNELS 


3 WIRE SERIAL 
INTERFACE TO OTHER 
PERIPHERALS OR LTC1095s 


6 CHANNELS 


Figure 3. Several LTC 1095s Sharing One 3 Wire Serial Interface 


Sharing the Serial Interface 


The LTC1095 can share the same 2 or 3 wire serial inter- 
face with other peripheral components or other LTC1095s 
(see Figure 3). In this case, the CS signals decide which 
LTC1095 is being addressed by the MPU. 


ANALOG CONSIDERATIONS 
1. Grounding 


The LTC1095 should be used with an analog ground plane 
and single point grounding techniques. 


The AGND pin should be tied directly to this ground plane. 


The DGND pin of the LTC1095 can also be tied directly to 
this ground plane because minimal digital noise is 
generated within the chip itself. 


The Vcc pin should be bypassed to the ground plane with 
a 4.7uF tantalum with leads as short as possible. The V~ 
pin should be bypassed with a 0.1nF ceramic disk. For sin- 
gle supply applications, V~ can be tied to the ground 
plane. 


It is also recommended that the COM pin be tied directly 
to the ground plane. All analog inputs should be refer- 
enced directly to the single point ground. Digital inputs 
and outputs should be shielded from and/or routed away 
from the reference and analog circuitry. 


Figure 4 shows an example of an ideal LTC1095 ground 
plane design for a two sided board. Of course this much 
ground plane will not always be possible, but users should 
Strive to get as close to this ideal as possible. 


LIT WB 
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2. Bypassing 


For good performance, Vcc must be free of noise and rip- 
ple. Any changes in the Vcc voltage with respect to analog 
ground during a conversion cycle can induce errors or 
noise in the output code. Vcc noise and ripple can be kept 
below imV by bypassing the Vcc pin directly to the analog 
ground plane with a 4.7yF tantalum with leads as short as 
possible. Figures 5 and 6 show the effects of good and 
poor Vcc bypassing. 


3. Analog Inputs 


Because of the capacitive redistribution A/D conversion 
techniques used, the analog inputs of the LTC1095 have 
capacitive switching input current spikes. These current 
spikes settle quickly and do not cause a problem. How- 
ever, if large source resistances are used or if slow set- 
tling op amps drive the inputs, care must be taken to 
insure that the transients caused by the current spikes 
settle completely before the conversion begins. 


Source Resistance 


The analog inputs of the LTC1095 look like a 60pF capaci- 
tor (Cin) in series with a 5000 resistor (Roy) as shown in 
Figure 7. Cjy gets switched between the selected “+” and 
“—” inputs once during each conversion cycle. Large ex- 
ternal source resistances and capacitances will slow the 
settling of the inputs. It is important that the overall RC 
time constants be short enough to allow the analog inputs 
to completely settle within the allowed time. 


“+” Input Settling 


This input capacitor is switched onto the “ +” input during 
the sample phase (tsmpi, see Figure 8). The sample phase 
is the 1 1/2 CLK cycles before the conversion starts. The 
voltage on the “+” input must settle completely within 
this sample time. Minimizing Rsource* and C1 will im- 
prove the input settling time. If large “+” input source re- 


sistance must be used, the sample time can be increased 
by using a slower CLK frequency. With the minimum 
possible sample time of 3us, Rsource* <2k and C1 <20pF 
will provide adequate settling. 


VERTICAL: 0.5mV/DIV 


HORIZONTAL: 10ps/DIV 


Figure 5. Poor Vcc Bypassing. Noise and Ripple Can Cause 
AID Errors. 


VERTICAL: 0.5mV/DIV 


HORIZONTAL: 10ps/DIV 


Figure 6. Good Vcc Bypassing Keeps Noise and Ripple On Voc 
Below 1mV 


Figure 7. Analog input Equivalent Circuit 
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CLK 1 


Din 


Dour 


SAMPLE HOLD 


| “4” INPUT MUST 
SETTLE DURING 
THIS TIME 


YW DON’T CARE YY 


1ST BIT TEST 
“INPUT 


MUST SETTLE 
DURING THIS TIME 
“sb INPUT 
“INPUT 
Figure 8. “+” and “—” Input Settling Windows 
“—~” Input Settling Input Op Amps 


At the end of the sample phase the input capacitor 
switches to the “-” input and the conversion starts (see 
Figure 8). During the conversion, the “+” input voltage is 
effectively “held” by the sample and hold and will not af: 
fect the conversion result. However, it is critical that the 
“~” input voltage settle completely during the first CLK 
cycle of the conversion time and be free of noise. Minimiz- 
ing Rsource~ and C2 will improve settling time. If large 
“~” input source resistance must be used, the time al- 
lowed for settling can be extended by using a slower CLK 
frequency. At the maximum CLK rate of 500kHz, 
Rsource™ <1k2 and C2<20pF will provide adequate 
settling. 


When driving the analog inputs with an op amp it is im- 
portant that the op amp settle within the allowed time (see 
Figure 8). Again, the “+” and “-” input sampling times 
can be extended as described above to accommodate 
slower op amps. Most op amps including the LT1006 and 
LT1013 single supply op amps, can be made to settle well 
even with the minimum settling windows of ps (‘ +” input) 
and 2ys (“—” input) which occur at the maximum clock rate 
of 500kHz. Figures 9 and 10 show examples of adequate 
and poor op amp settling. 
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RC Input Filtering 


It is possible to filter the inputs with an RC network as 
shown in Figure 11. For large values of Cr (e.9., 1nF), the 
capacitive input switching currents are averaged into a 
net DC current. Therefore, a filter should be chosen with a 
small resistor and large capacitor to prevent DC drops 
across the resistor. The magnitude of the DC current is ap- 
proximately Ip¢=60pF x Vinitcyc and is roughly propor- 
tional to Viy. When running at the minimum cycle time of 
38nS, the input current equals 8yA at Vin = SV. In this case, 
a filter resistor of 500 will cause 0.1LSB of full-scale error. 
If a larger filter resistor must be used, errors can be elim- 
inated by increasing the cycle time as shown in the typical 
curve of Maximum Filter Resistor vs Cycle Time. 


Input Leakage Current 


Input leakage currents can also create errors if the source 
resistance gets too large. For instance, the maximum in- 
put leakage specification of 1yA (at 125°C) flowing 
through a source resistance of 1k@ will cause a voltage 
drop of 1mV or 0.2LSB. This error will be much reduced 
at lower temperatures because leakage drops rapidly 
(see typical curve of Input Channel Leakage Current vs 
Temperature). 


4, Sample and Hold 
Single Ended Inputs 


The LTC1095 provides a built-in sample and hold (S&H) 
function for signals acquired in the single ended mode. 
This sample and hold allows conversion of rapidly varying 
signals (see typical curve of S&H Acquisition Time vs 
Source Resistance). The input voltage is sampled during 
the tsp time as shown in Figure 8. The sampling interval 


begins as the bit preceding the MSBF bit is shifted in and 
continues until the falling CLK edge after the MSBF bit is 
received. On this falling edge, the S&H goes into hold 
mode and the conversion begins. 


VERTICAL: SmV/DIV 


HORIZONTAL: 1ps/DIV 


Figure 9, Adequate Settling of Op Amp Driving Analog Input 


VERTICAL: 5mV/DIV 


siti tio cet 


HORIZONTAL: 20ys/DIV 


Figure 10. Poor Op Amp Settling Can Cause A/D Errors 


loc 
RFWLTER ~——- 
Vin 


Figure 11. RC Input Filtering 
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Differential Inputs 


With differential inputs, the A/D no longer converts just a 
single voltage but rather the difference between two volt- 
ages. In this case, the voltage on the selected “+” input is 
still sampled and held and therefore may be rapidly time 
varying just as in single ended mode. However, the voltage 
on the selected ‘“-” input must remain constant and be 
free of noise and ripple throughout the conversion time. 
Otherwise, the differencing operation may not be per- 
formed accurately. The conversion time is 10 CLK cycles. 
Therefore, a change in the “—” input voltage during this 
interval can cause conversion errors. For a sinusoidal volt- 
age on the “—” input this error would be: 


VERROR (MAX) = VpEAK X 2X 71x f("—") x 10/foLk 


Where f(‘-”) is the frequency of the “—” input voltage, 
Vpeak is its peak amplitude and feix is the frequency of 
the CLK. In most cases Veprop will not be significant. For 
a 60Hz signal on the “~” input to generate a 1/4LSB error 
(1.25mV) with the converter running at CLK = 500kHz, its 
peak value would have to be 150mV. 


5. Internal Reference 


The LTC1095 contains an internal precision 5V buried 
zener reference which is capable of supplying the full 
scale reference for the converter when connected as 
shown in Figure 15. With its 10mA output current the refer- 
ence can also power the A/D and other external circuitry to 
provide a TTL input/TTL output system running off a single 
7.2V-40V supply (see Figure 16). 


6. Reference Input 


The voltage on the reference input of the LTC1095 defines 
the voltage span of the A/D converter. The reference input 
looks primarily like a 10k0 resistor to ground but will have 
transient capacitive switching currents due to the 
switched capacitor conversion technique (see Figure 12). 


During each bit test of the conversion (every CLK cycle), a 
capacitive current spike will be generated on the reference 
pin by the A/D. These current spikes settle quickly and do 
not cause a problem. However, if slow settling circuitry is 
used to drive the reference input, care must be taken to en- 
sure that transients caused by these current spikes settle 
completely during each bit test of the conversion. 


VERTICAL: 0.5mV/DIV 


hess oo 


HORIZONTAL: 4u5/DIV 


Figure 13. Adequate Reference Settling 


VERTICAL: 0.5mv/DIV 


HORIZONTAL: 1ys/0IV 


Figure 14, Poor Reference Settling Can Cause A/D Errors 
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When driving the reference input, three things should be 
kept in mind: 


1. The source resistance (Rout) driving the reference input 
should be low (less than 19) to prevent DC drops 
caused by the 1mA maximum reference current (per iy). 


id 


. Transients on the reference input caused by the capaci- 
tive switching currents must settle completely during 
each bit test (each CLK cycle). Figures 13 and 14 show 
examples of both adequate and poor settling. Using a 
slower CLK will allow more time for the reference to 
settle. However, even at the maximum CLK rate of 
500kHz most references and op amps can be made to 
settle within the 2us bit time. 


ow 


. It is recommended that REFiy be tied to REFoyr as 
shown in Figure 15. 


REF jy 

AGND 

REF gut 
10 


10pF 


Figure 15. Suggested Circuit for REFjy Tied to REFoyrt 


ANALOG 
CHANNELS 


Figure 16. LTC 1095 Single Supply Operation 


7. Reduced Reference Operation 


The LTC1095 can operate with reference voltages below 
1V, by dividing down the 5V reference output voltage as 
shown in Figure 17. 


The effective resolution of the LTC 1095 will be increased by 
reducing the input span of the converter. The LTC 1095 ex- 
hibits good linearity and gain over a wide range of reference 
voltages (see typical curves of Linearity and Full Scale Error 
vs Reference Voltage). However, care must be taken when 
operating at low values of Ver jn because of the reduced 
LSB step size and the resulting higher accuracy require- 
ment placed on the converter. The following factors must be 
considered when operating at low VreF in values. 


1. Offset 
2. Noise 
3. Conversion speed (CLK frequency) 


Offset with Reduced Reference Voltages 


The offset of the LTC 1095 has a larger effect on the output 
code when the A/D is operated with reduced reference 
voltage. The offset (which is typically a fixed voltage) be- 
comes a larger fraction of an LSB as the size of the LSB is 
reduced. The typical curve of Unadjusted Offset Error vs 
Reference Voltage shows how offset in LSBs is related to 
reference voltage for a typical value of Vos. For example, a 


R2 
10k2 
2.55kO 


VREF IN 
2.5V 
1.000 


fi 
10k2 
10.2k2 


Veer w= bf 
EF IN RT +R2 
0.2V =Veper in<OV 


7.2V TO 40V 


Figure 17. Operating LTC1095 on Reduced Reference Voltage 
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Vos of 0.5mV which is 0.1LSB with a 5V reference be- 
comes 0.5LSB with a 1V reference and 2.5LSBs with a 0.2V 
reference. If this offset is unacceptable, it can be cor- 
rected digitally by the receiving system or by offsetting 
the “—” input to the LTC 1095. 


Noise with Reduced Reference Voltages 


The total input referred noise of the LTC1095 can be re- 
duced to approximately 200uV peak-to-peak using a 
ground plane, good bypassing, good layout techniques 
and minimizing noise on the reference input. This noise is 
insignificant with a 5V reference but will become a 
larger fraction of an LSB as the size of the LSB is reduced. 
The typical curve of Noise Error vs Reference Voltage 
shows the LSB contribution of this 200nV of noise. 


For operation with a 5V reference, the 200zV noise is only 
0.04LSB peak-to-peak. In this case, the LTC1095 noise will 
contribute virtually no uncertainty to the output code, 
However, for reduced references, the noise may cause 
undesirable jitter in the output code. For example, with a 


1V reference, this same 200gV noise is 0.2LSB peak-to- 
peak. This will reduce the range of input voltages, over 
which a stable output code can be achieved, by 0.2LSB. If 
the reference is further reduced to 200mV, the 200zV noise 
becomes equal to one LSB and a stable code may be diffi- 
cult to achieve. In this case, averaging readings may be 
necessary. 


This noise data was taken in a very clean setup. Any setup 
induced noise (noise or ripple on: Voc, REFin, Vin or V~) 
will add to the internal noise. The lower the reference volt- 
age to be used, the more critical it becomes to have a 
clean, noise-free setup. 


Conversion Speed with Reduced Reference Voltages 


With reduced reference voltages, the LSB step size is re- 
duced and the LTC1095 internal comparator overdrive is 
reduced. Therefore, it may be necessary to reduce the 
maximum CLK frequency when low reference voltages are 
used. 


TYPICAL APPLICATIONS 


Micropower, 500V Opto Isolated, Multichannel, 10-Bit Data Acquisition System 


6 

ANALOG 
INPUTS 
0-5V RANGE 


“SOLID TANTALUM 


TO 
68HC05** 


ISOLATION Sv 
BARRIER 
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68HC05 Code Communicates with LTC1095 through 
Opto-Isolators 


MNEMONIC | OPERAND | COMMENTS 


MNEMONIC | OPERAND | COMMENTS 
ORG $100 


CLRX Clear X register 

LDA #$1F CHO 

STA $50 CHO address 

LDA #$9F CH1 

STA $51 CH1 address 

LDA #$3F CH2 

STA $52 CH2 address 

LDA #$BF CH3 

STA $53 CH3 address 

LDA #95F CH4 

STA $54 CH4 address 

LDA #$DF CH5 

STA $55 CH5 address 

LDA #$53 Data for SPCR 

STA $0A Load data into SPCR 
LDA #$FF Data for DDR 

STA $06 Configure PORT C DDR 
BCLR 1,$02 C1 (PWR OFF) goes low 
LDA #$FF Load counter 
DECA Decrement Acc. 
BNE Ti 
LDA #$FF Load counter 
DECA Decrement Acc. 
BNE T2 
LDA HSFF Load counter 
DECA Decrement Acc. 
BNE T3 

LDA a$FF | 


14 
START1 


TEST2 


Load counter 


Decrement Acc. 
T4 tat 
0,$02 C0 (CS) goes low 
#03 Dy prefix start and SGL 
$oc Start transfer 
$0B Test if done 
TEST2 If not try again 
$50,X Put Dyy word in Acc. 
$0C Start transfer 
$0B Test if done 
TEST If not try again 
#0C Load MSBs in Acc. 
$60,X Store MSBs in $60 + X 
#$FF Insure 1’s output last 
$0C Start next transfer 
$0B Test if done 
TEST lf not try again 
0,$02 C0 (CS) goes high 
$0C Put LSBs in Acc. 
$70,X Put LSBs in $70 +x 
Increment X register 
#$06 Check if done 
START1 
1,$02 Set C1 (PWR OFF) 
Reset counter 
Start next loop 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
18-Lead Ceramic DIP 


N Package 
18-Lead Plastic DIP 


0.25040.010 
(6.350 0.254) 


0.045 ~0.065 
(1.143=1.651) 


0.130 +.0.005, 


. 0.300-0.320 
ion 050) Tezo— 6.128) 
; i al ie MAX 
0.015—0.060 
{0:360— 1-520} 
0.008 ~-0.018 “ ae 
(0.203 —0.: 
: iar 0.009-0.015 
(0279-0.381) 


0.385 + 0,025 0,014 0.026 0.125 +0025 
(9.790.635) ia a 0109.0010 ‘ecome™ (0.360—0.660) (a7) 0.325 0.015 


(2 540 0.254) baal +0835) 
emane) (2% *p5) 


(33024 0.127) 


0.045 40.015 
(1143£0.381) 


le 0,100.4 0.010 
Coa 60.018 + 0,003 
(0.457 40.076) 
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FEATURES 


® Built-In Sample-and-Hold 

™ No Missing Codes 

® No User Trims Required 

= All Timing Inputs Edge Sensitive for Easy Processor 
Interface 

= Fast Conversion Time: 2.5us 

= Latched Three-State Outputs 

= Single 5V Operation 

= No External Clock 

= Overflow Output Allows Cascading 

= Tc Input Allows User Adjustable Conversion Time 

® 0.3" Wide 20-Pin DIP 


( Jiu Rival ) LTC1099 
TECHNOLOGY High Speed 8-Bit A/D Converter 


with Built-In Sample-and-Hold 


DESCRIPTION 


The LTC1099 is a high speed microprocessor compatible 
8-bit analog-to-digital converter (A/D). An internal sample- 
and-hoid (S/H) allows the A/D to convert inputs up to the full 
Nyquist limit. With a conversion rate of 2.5us this allows 
156kHz 5Vp-p input signals, or slew rates as high as 2.5Vius, 
to be digitized without the need for an external S/H. 


Two modes of operation, READ (RD) mode and WRITE- 
READ (WR-RD) mode, allow easy interface with proces- 
sors. All timing is internal and edge sensitive which 
eliminates the need for external pulse shaping circuits. 
The Stand-Alone (SA) mode is convenient for those ap- 
plications not involving a processor. 


Data outputs are latched with three-state control to allow 
easy interface to a processor data bus or I/O port. An over- 
flow output (OFL) is provided to allow cascading for higher 
resolution. 


KEY SPECIFICATIONS 
= Resolution 8 Bits 
# Conversion Time 2.5us (RD Mode) 
2.548 (WR-RD Mode) 
® Slew Rate Limit (Internal S/H) 2.5Vius 
= Low Power 75mW Max 
® Jotal Unadjusted Error 
LTC1099 +1LSB 
LTC1099A +1/2LSB 
Infinite Hold Time Sample-and-Hold (Tacg = 240ns) 
5.000V 15V 


Vin 
SAMPLE 


HOLD 


Signal to Noise Ratio (SNR) vs 
Input Frequency 


Ta=25°C | 
Tc=2.5ps 


SIGNAL TO NOISE RATIO, SNR (dB) 


INPUT FREQUENCY (kHz) 


—-15V 


7 WEAR 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


(Notes 1 and 2} 
Tor VIEW ORDER PART 

Supply Voltage (Voc) to GND ........c cee eee cece eee 12V NUMBER 
Voltage 

Analog and Reference Inputs...... -0.3V to Voc + 0.3V LTC1099CN 

Digital Inputs ....... 0. eee eee wees -0.3V to 12V 087 LTC1099ACN 

Digital Outputs ...........0...000. -0.3V to Voc + 0.3V en oB6 LTC10991N 
Power Dissipation............ccccceessseeeeeees 500mW 086 LTC1099AIN 
Operating Temperature Range DBs LTC10991J 

LTC1099C/1099AC vo... ecscseeeseseeeees 0°C to 70°C . Toineaes 

LTCI0QQII0Q9AI ..... ccc cece eee ee - 40°C to 85°C REE + ihn 

LTC10Q9MMOQ9AM ......-cscececesees ~ 55°C to 125°C Fay ver TCIONGAC. 
Storage Temperature Range............. - 65°C to 150°C Wise cenvaac oe antes RECTICOP LTC1099AMJ 
Lead Temperature (Soldering, 10 sec.)..........6.6. 300°C a 


CONVERTER CHARACTERISTICS wotes 


| LTC1099A1/10991 
ries ar gna aa 

PARAMETER | CONDITIONS MIN UNITS 
Accuracy 
Total Unadjusted Error Note 4 

LTC1099A LSB 

LTC1099 

Minimum Resolution (No Missing Codes) 

Reference Input 

Input Resistance |e | 2 32 45 ka 
REF + Input Voltage Range Note 5 |e | REF- Vog REF - Voo v 
REF - Input Voltage Range Note 5 @/| GND REF + GND REF + ] 
Analog Input 

Input Voltage Range He] GND Voc GND Voc Vv 
Input Leakage Current CS = Voc, Vin = Voc, GND +3 +3 uA 
Input Capacitance || 60 60 pF 
Sample-and-Hold 

Acquisition Time 240 240 | ns 
Aperature Time ee ee 110 ns 
Tracking Rate es Se Tecan Pee Sie 
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DIGITAL AND DC ELECTRICAL CHARACTERISTICS joie) 


“LTC1099AI/10991 
LTC1099AM/1099M LTC1099AC/1099C 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX i UNITS 
Vin High Level Input Voltage All Digital Inputs, Voc = 5.25V @| 20 2.0 V 
Vi | Low Level Input Voltage All Digital Inputs, Veg = 4.75V e| 0.8 0.0001 08 V 
hy High Level Input Current Viz = 5V; CS, RD, Mode e 0.0001 1 1 pA 
Viy=5V; WR e 0.0005 3 0.0005 3 pA 
Ii Low Level Input Current Vi = OV; All Digital Inputs eo) -0.0001 -1 -0,0001 -1 i- pA 
Vou High Level Output Voltage | DBO-DB7, OFL, INT; Vgg = 4.75V 
lout = 360pA @) 24 40 24 40 v 
| lour=10nA 47 | 47 Vv 
Vor Low Level Output Voltage | DBO-DB7, OFL, INT, RDY; Voc = 4.75V 
loyr = 1.6mA e 0.4 0.4 V 
loz High-2Z Output Leakage DBO-DB7, RDY; Voy; = 5V e 0.1 3 0.1 3 pA 
| DBO~DB7, RDY; Voyr=0V |e -04 -3 -0.1 -3 pA 
Isource__| OutputSource Current _|_DBO-DB7, OFL, INT; Voyr=0V e -11 -6 -11 -7 mA 
loin Output Sink Current DB0-DB7, OFL, INT, RDY;Voyr=5V | @ 14 7 14 9 mA 
lec [ Supply Current CS=WR=RD=V¢o e 1 20 i 15 mA 
AC CHARACTERISTICS (ote 3) 
LTC1099Ai/10991 
LTC1099AM/1099M LTC1099AC/1099C 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | UNITS 
RD Mode (Figure 2) Pin 7 = GND 
ford Conversion Time Ty = 25°C ‘723 25 28 | 23 25 2.8 as 
o| 5.0 3.75 us 
troy Delay From CS! to RDY! C. = 100pF 70 | 70 ns 
tacoy __| Delay From RD! to Output Data Valid C, = 100pF i toap + 35 topo + 35 ns 
tint Delay From RD! to INTt C= 100pF 70 70 ns 
titoy | Delay From RD! to High-Z State on Outputs | Test Circuit Figure 1 “| 70 70 ns 
tp Delay Time Between Conversions 700 =i 700 ns 
tacce [ Delay Time From RD! to Output Data Valid 70 chee 70 ns 
WR:RD Mode (Figures 3 and 4) Pin 7 = Voc. 
towr Conversion Time Ty = 25°C 2.3 2.5 28 | 23 2.5 2.8 HS 
5.0 3.75 us 
tacco [ Delay Time From WAI to Output Data Valid | C, = 100pF tow, + 40 town + 40 ns 
tacce Delay From RD! to Output Data Valid C, = 100pF 70 ll 70 ns 
tint Delay From RD! to INTt C; = 100pF 70 70 A ns 
tr | Delay From WRI to INTI C= 100pF 240 240 ns 
tis ton _| Delay From RD}! to High-Z State on Outputs | Test Circuit Figure 1 70 70 ns 
tp | Delay Time Between Conversions L 700 | 700 ns 
{wr Minimum WR Pulse Width 55 55 ns 


Note 1: Absolute maximum ratings are th 
of the device may be impaired. 


Note 2: All voltages are with respect to GND (Pin 10) unless otherwise 


noted. 


jose values beyond which the life 


Note 3: Voo = 5V, REF + =5V, REF - =0V and Ty = Tuy to Tyax unless 


otherwise noted. Ail typical values at T, = 25°C. The @ indicates specifica- 


tions which apply over the full operating temperature range. 


Note 4: Total unadjusted error includes offset, gain, linearity and hold step 
errors. 


Note 5: Reference input voltage range is guaranteed but is not tested. 


owe 
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TEST CIRCUITS 
tty 
tp=20ns, Cy = 10pF 
Voc 
RD 
S ae 
ale GL Stk DATA OUT 
ton 
t,=20ns, C, = 10pF 
Voc Voc 
= 1k RD 
AD 
Cy 
= = = DATA OUT 
Vo. 10% 
Figure 1. Three-State Test Circuit 
TIMING DIAGRAMS 


tacca —>] 2 


Figure 2. RD Mode (Pin7 is GND) Figure 3A. WR-RD Mode (Pin 7 is HIGH and trp >tcwr) 
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TIMING DIAGRAMS 


0B0-DB7 


Figure 3B. WR-RD Mode (Pin 7 is HIGH and tap<tcwr) 


TS (GND) 


RD (GND) SSA 


Figure 4. WR-RD Mode (Pin 7 is HIGH) Stand-Alone Operation 


PIN FUNCTIONS 


PIN# 
1 
2-5 
6 


7 


NAME 
VIN 


DBO-DB3 
WRIRDY 


MODE 


DESCRIPTION 
Analog input. 
Data outputs; DBO= LSB. 


WRIRDY is an input when Mode = 
Vcc. Falling edge of WR switches 
internal S/H to hold then starts 
conversion. WRIRDY is an open 
drain output (active pull down) 
when Mode = GND. RDY goes low 
at start of conversion and pull 
down is turned off when conver- 
sion is complete. Resistive pull 
up is usually used in this mode. 
WR-RD when Mode=Voc. RD 
when Mode=GND. No internal 
pull down. 

A low on RD with CS low acti- 
vates three-state outputs. With 
Mode=GND and CS low, the 
falling edge of RD switches in- 
ternal S/H to hold and starts 
conversion. 


PIN # 
9 


14-17 
18 


19 
20 


NAME 
INT 


DB4-DB7 
OFL 


1¢ 
Voc 


DESCRIPTION 

Output that goes low when the 
conversion in process is com- 
plete and goes high after data is 
read. 

Ground connection. 

Low reference potential (analog 
ground). 

High reference potential; Varr = 
Full Scale = (REF +) - (REF -). 
Chip select — When high, data 
outputs are high impedance and 
all inputs are ignored. 

Data outputs; DB7 = MSB. 
Overflow output — Goes low 
when Vin>Vrer. 

User adjustable conversion time. 
Positive supply; 4.75V<Vccs 
5.25V. 


one 
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TYPICAL PERFORMANCE CHARACTERISTICS 


SUPPLY CURRENT, Ic (mA) 


TOTAL ERROR (LSB) 


Supply Current vs Temperature 


“N 


-50 -2 0 2 680) «675 = 100) 125 
AMBIENT TEMPERATURE, Ta (°C) 


Total Error vs Reference Voltage 


Ta=25°C 
To =2.5ys 


B 
BRSGRE 
Panauee 


( 
ft 


1 2 3 4 5 
REFERENCE VOLTAGE, Ver (V) 


Vos ERROR (LSB) 


CONVERSION TIME (ys) 


CI 
all 


Linearity Error vs Reference 


Vos Error vs Reference Voltage Voltage 


1 2 3 
REFERENCE VOLTAGE, Vper (V) 


Conversion Time vs Rext 


-— et 
[————TFJRESISTOR BETWEEN PIN 19 AND Vcc 
roa 
Ta=25°C) 


ae 
ill 


ie 
f 


Conversion Time vs Temperature 


CONVERSION TIME/CONVERSION TIME @ 25°C 


-50 -25 0 25 
AMBIENT TEMPERATURE, Ta (°C) 


50 


7 


B07 


LINEARITY ERROR (L! 


0 1 2 3 4 5 
REFERENCE VOLTAGE, Vpeg (V) 


Accuracy vs Conversion Time 


rl Ta=25°° 


TOTAL UNADJUSTED ERROR (LSB) 


0 
16 1.7 18 19 2.0 2.1 22 23 24 25 


RESISTANCE (k®) CONVERSION TIME (us) 


(s7) 3WiL NOISHIANOD 


SIGNAL TO NOISE RATIO, SNR (dB) 


Signal to Noise Ratio (SNR) vs 
Input Frequency 


INPUT FREQUENCY (kHz) 
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FUNCTIONAL DESCRIPTION 


Figure 5 shows the functional block diagram for the 
LTC 1099 two step flash ADC. It-consists of two 4-bit flash 
converters, a 4-bit DAC and a differencing circuit. The con- 
version process proceeds as follows: 


1) At the start of the conversion the on-board sample- 
and-hold switches from the sample to the hold mode. 
This is a true sample-and-hold with an acquisition 
time of 240ns, an aperture time of 110ns and a track- 
ing rate of 2.5Vins. 


2) The held input voltage is converted by the 4-bit 
MS-Flash ADC. This generates the upper or most sig- 
nificant 4-bits of the 8-bit output. 


3) A 4bit approximation, from the DAC output, is sub- 
tracted from the held input voltage. 


4) The LS-Flash ADC converts the difference between 
the held input voltage and the DAC approximation. 
This generates the lower or least significant 4-bits of 
the 8-bit output. The LS-Flash reference is one six- 
teenth of the MS-Flash reference. This effectively 
multiplies the difference by 16. 


5) Upon the completion of the LS 4-bit flash the eight 
output latches are updated simultaneously. At the 
same time the sample-and-hold is switched from the 
the hold mode to the acquire mode in preparation for 
the next conversion. 


The advantage of this approach is the reduction in the 
amount of hardware required. A full flash converter re- 
quires 255 comparators while this approach requires only 
31. The price paid for this reduction in hardware is an in- 
crease in conversion time. A full flash converter requires 
only one comparison cycle while this approach requires 
two comparison cycles, hence two step flash. 


This architecture is further simplified in the LTC1099 by 
reusing the MS-Flash hardware to do the LS-Flash. This re- 
duces the number of comparators from 31 to 16. This is 
possible because the MS and LS conversions are done at 
different times. 


To take the simple block diagram of Figure 5 and reconfig- 
ure it to reuse the MS-Flash to do the LS-Flash is con- 
ceptually simple, but from a hardware point of view is not 
practical. A new six input switched capacitor comparator 
is used to accomplish this function in a simple, although 
not straightforward, manner. 


VReF 


Figure 5. 8-Bit Two-Step Semiflash A/D 


Figure 6 shows the six input switched capacitor compara- 
tor. Intuitively the comparator is easy to understand by 
noting that the common connection between the two input 
capacitors, C1 and C2, acts like a virtual ground. In opera- 
tional amplifier circuits, current is summed at the virtual 
ground node. Input voltage is converted to current by the 
input resistors. in the switched capacitor comparator, in- 
put voltage is converted to charge by the input capacitors 
and these charges are summed at the virtual ground node. 


LT WAR 
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FUNCTIONAL DESCRIPTION 


A major advantage of this technique is that the switch-on 
impedance has no affect on accuracy as long as sufficient 
time exists to fully charge and discharge the capacitors. 


During the first time period the T+ and Tz switches are 
closed. This forces the common node between C1 and C2 
to an arbitrary bias voltage. Since the capacitors subtract 
out this voltage it may be considered, for the sake of this 
discussion, to be exactly zero (i.e. virtual ground). Note 
also that variations in the bias voltage with time and tem- 
perature will also be rejected. In this state C1 charges to 
Vin. When Tz opens Viy is held on C1. 


T+ Ti TLe 


4 
Vin see 


| ct 


MS TAP i 


1/2 LSB us 


The next step is the first comparison — the MS-Flash. Tz 
and T+ are opened and T_j is closed. The equation for 
each comparator is: 


Vin + 1/2LSB - MStap=0V 


There are 16 identical comparators each tied to the tap on 
a 16 resistor ladder. The MS tap voltages vary from Vper to 
OV in 16 equal steps of Vper/16. 


Notice that capacitor C2 adds 1/2LSB to Vin. This offsets 
the converter transfer function by 1/2LSB, equally dis- 
tributing the 1LSB quantization error to + 1/2LSB. 


VIRTUAL GROUND 


C1=C2 


Tz SAMPLE 


T+ 


STROBE 


HOLD 


SAMPLE 


Figure 6. Six Input Switched Capacitor Comparator 
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FUNCTIONAL DESCRIPTION 


The outputs of the 16 comparators are temporarily latched 
and drive the 4-bit DAC directly without need of decoding. 
This holds the DAC output constant for the next step — 
the LS conversion. The LS conversion is started when T_; 
is opened and T_» is closed. Capacitor C1 subtracts the 
4bit DAC approximation from Viy and inputs the differ- 
ence charge to the virtual ground node. The equation for 
each comparator is: 


Vin + 1/2LSB ~ Vpac — LStap =0V 


The 4bit DAC approximation is input to ail 16 
comparators. The LS tap voltages are converted to charge 
by capacitor C2. LS taps vary from Vperli6V to OV in 16 
equal steps of Vprr/256. The comparators look at the net 
charge on the virtual ground node to perform the LS-Flash 
conversion. When this conversion is complete the 4 LSB’s 
along with the 4 MSB’s are transferred to the output 
latches. In this way all eight outputs will change 
simultaneously. 


DIGITAL INTERFACE 


The digital interface to the LTC1099 entails either control- 
ling the conversion timing or reading data. There are two 
basic modes for controlling and reading the A/D — the 
WRITE-READ (WR-RD) mode and the READ (RD) mode. 


WR-RD Mode (Pin 7 = High) 


In the WR-RD mode a conversion sequence starts on the 
falling edge of WR with CS low (Figures 3A and 38). This is 
an edge sensitive control function. The width of the WR in- 
put is not important. All timing functions are internal to 
the A/D. 


The first thing to happen after the falling edge of WR is the 
internal S/H is switched to hold. This typically takes 110ns 
after WR falls and is the aperture time of the S/H. 


Next the A/D conversion takes place. The conversion time 
is internally set at 2.5us, but is user adjustable (see Adjust- 
ing the Conversion Time). The end of conversion is 
signaled by the high to fow transition of INT. The S/H is 
switched back to the acquire state as soon as the conver- 
sion is complete. 


After the conversion is complete the 8-bit result is avail- 
able on the three-state outputs. The outputs are active 
with RD and CS low. Output data is latched and, if no new 
conversion is initiated, is available indefinitely as long as 
the power is not turned off. 


The WR-RD mode is also used for stand-alone operation. 
By tying CS and RD low the data outputs will be continu- 
ously active (Figure 4). The falling edge of WR starts the 
conversion sequence and when done new data will appear 
on the outputs. All outputs will be updated simultane- 
ously. In stand-alone operation the outputs will never be in 
ahigh impedance state. 


RD Mode (Pin 7 = Low) 


In the RD mode a conversion sequence is initiated by the 
falling edge of RD when CS is low (Figure 2). The S/H is 
switched to the hold state 110ns after the falling edge of 
RD. It is switched back to the acquire state at the end of 
conversion. 


When RD goes low, with CS tow, the result of the previous 
conversion is output. This data stays there until the ongo- 
ing conversion is complete (INT goes low). At this time the 
outputs are updated with new data. 


As long as CS and RD stay low long enough, the receiving 
device will get the right data. Remember the receiving de- 
vice reads data in on the rising edge of RD. The RDY out- 
put facilitates making RD tong enough. 


In the RD mode the WR input becomes the RDY output. On 
the falling edge of RD the RDY goes fow. It is an open drain 
output to allow a wired OR function so it requires a pull-up 
resistor. At the end of conversion the active pull-down is 
released and RDY goes high. 


LT WB 
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DIGITAL INTERFACE 


The RDY output is designed to interface to the Ready In 
({RDYIN) function on many popular processors. RDYIN al- 
lows these processors to work with slow memory by 
stretching the RD strobe coming from the processor. RD 
will remain low as long as RDY is low. In the case of the 
LTC1099, RDY stays low until the conversion is complete 
and new data is available on the outputs. This greatly sim- 
plifies the programmers task. Each time data is required 
from the A/D a simple read is executed. The hardware in- 
terface makes sure the RD strobe is long enough. 


Adjusting the Conversion Time 


The conversion time of the LTC1099 is internally set at 
2.58. If desired it can be adjusted by forcing a voltage on 


Figure 7. Adjusting the Conversion Time 


Pin 19. With Pin 19 left open the conversion time runs 
2.548. A convenient way to force the voltage is with the cir- 
cuit shown in Figure 7. To preset the conversion time to a 
fixed amount a resistor may be tied from Pin 19 to Voc or 
GND. Tying it to Vcc slows down the conversion and tying 
it to GND will speed it up (see Typical Curves). 


ANALOG INTERFACE 


The inclusion of a high quality sample-and-hold (S/H) sim- 
plifies the analog interface to the LTC 1099. All of the error 
terms normally associated with an S/H (hold step, offset, 
gain, and droop errors) are included in the error specifica- 
tions for the A/D. This makes it easy for the designer since 
all the error terms need not be taken into account 
individually. 


SIH Timing 


A falling edge on the RD or WR input switches the S/H 
from acquire to hold and starts the conversion. The aper- 
ture time is the delay from the falling edge to the actual in- 
stant when the S/H switches to hold. It is typically 110ns. 


As soon as a conversion is complete (2.5us typ.) the S/H 
switches back to the sample mode. Even though the ac- 
quisition time is only 240ns a new conversion cannot be 
started for 700ns (typ.) after a conversion is completed. 


Analog Input 


The input to the A/D looks like a 60pF capacitor in series 
with 5500 (Figure 8). 


Vine—O 


Figure 8. Equivalent Input Circuit 


With this high input capacitance care must be taken when 
driving the inputs from a source amplifier. When the input 
switch closes an instantaneous capacitive load is applied 
to the amplifier output. This acts like an impulse into the 
amplifier and if it has poor phase margin the resulting ring- 
ing can cause a considerable loss of accuracy. If the am- 
plifier is too slow the resulting settling tail will also cause 
a loss of accuracy. The amplifier should also have low 
open circuit output impedance. The LT1006 is an excellent 
amplifier in this regard. It also works with a single supply 
which fits nicely with the LTC1099. 


Reference Inputs 


Sixteen equal valued resistors are internally connected be- 
tween REF + and REF -. Each resistor is nominally 2000 
giving a total resistance of 3.2kQ between the reference 
terminals. When Viy equals REF + the output code will be 
all ones. When Vy equals REF - the output code will be 
all zeros. 
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ANALOG INTERFACE 


Although it is most common to connect REF + to a 5V 
reference and REF — to ground, any voltages can be used. 
The only restrictions are REF+ >REF~ and REF + and 
REF — must be within the supply rails. As the reference 
voltage is reduced the A/D will eventually lose accuracy. 
Accuracy is quite good for references down to 1V. 


Even though the reference drives a resistive ladder a lot of 
capacitive switching is taking place internally. For this 
reason driving the reference has the same characteristics 
as driving Viy. A fast low impedance source is necessary. 
The reference has the additional problem of presenting a 
DC load to the driving source. This requires the DC as well 
as the AC source impedance to be low. 


Good Grounding 


As with any precise analog system care must be taken to 
follow good grounding practices when using the LTC 1099. 
The most noise free environment is obtained by using a 
ground plane with GND (Pin 10) and REF — (Pin 11) tied to 
it. Bypass capacitors from REF + (Pin 12) and Vcc (Pin 20) 
with short leads are also required to prevent spurious 
switching noise from affecting the conversion accuracy. 


(Vins) OV TO 5V 
ANALOG 
\NPUT 


N/C 


v =ANALOG GROUND 
Lb =pieiat crounp 


4 
CS AND RD LOW _DBO-DB3 


If a ground plane is not practical, single point grounding 
techniques should be used. Ground for the A/D should not 
be mixed in with other noisy grounds. 


APPLICATIONS 
Analog Multiplier 


The schematic Figure 9 shows the LTC1099 configured 
with a DAC to form a 2 quadrant analog multiplier. An in- 
put waveform is applied to the LTC1099 where it is 
digitized at a 300kHz rate. The digitized signal is fed to the 
DAC in “flow through” mode where another signal is input 
to the DAC reference input. In this way the two analog 
signals are multiplied to produce a Double Sideband Am- 
plitude Modulated Output. Figure 10 shows a 3kHz sine 
wave multiplied by a 100Hz triangle. 


Note that since this is only a 2 quadrant multiplier a carrier 
component (the input to the LTC 1099) will appear in the 
output spectrum. Figure 11 shows the frequency spectrum 
of a 42.5kHz sine wave multiplied by a 5kHz sine wave. The 
depth of modulation is about 30dB. Figure 12 shows a 
42.375kHz sine wave multiplied by a 30.875kHz sine wave. 
Note that at these higher frequencies, the depth of 
modulation is still about 30dB. The carrier feed through is 
seen in Figure 12. 


(Vina) + 10V TO ~10V 
ANALOG 


INPUT MICROLINEAR 
MP1208 DAC 8 
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ANALOG INTERFACE 


Vin, =0V TO 5V 
TRIANGLE iNTO LTC 1099 
Hz 


Vino = + 4.8V SINE 
INTO DAC ~ 3kHz 


10dBV/DIV 


rma a 
halhataby 


al 
32.5 34.5 36.5 | 385 40.5 425 445 465 | 485 S05 62.5 


37500Hz 42500H2z 47500Hz 


Figure 11. Two Quadrant Multiplier Output Spectrum with OV to 
4.5V at 42.5kHz into LTC1099 and + 2V at 5kHzinto DAC 


10dB/DIV 


11500Hz 30875Hz 42375Hz 73250Hz 


Figure 12. Two Quadrant Multiplier Output Spectrum with OV to 
4.5V at 42.375kHz Into LTC1099 and + 2V at 30.875kHz into DAC 
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TYPICAL APPLICATIONS 


Cascading for 9-Bit Resolution 


+ wel of 
O 
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TYPICAL APPLICATIONS 


TMS320C25 interface Using RD-Mode 


(B1, K11, L2) (A10, B11, H2, L6) 


TMS320C25 


(1¢1099 
1/2 74AS00 


C1 =4.74F TANTALUM 
C2=0. tyF CERAMIC 


TMS320C25 Assembly Code for RD-Mode interface to LTC 1099 


Data Page Pointer is 0 
Input 1099 Data to Address 100 


RPTK Repeat Next Instruction 
12 Times 
NoP | __[Don’t Convert Again Too Soon 
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TYPICAL APPLICATIONS 


TMS320C25 Interface Using WR-RD Mode 


TMS320C25 


READY MSC -R/W  STRB 


C1, C3, C6=4.74F TANTALUM 
C2, C4, C5, C7, C8=0. 1pF CERAMIC 


(A10, B11, H2, L6) 


TMS320C25 Assembly Code for WR-RD-Mode Interface to 


LTC1099 


0032 


0003 |0033} C800 
0004/0034} E064 


0005 {0035 | CB20 


0006 /0036 5800 | 
0007 {0037 | 8064 


>64.PA0 | Read LTC 1099 Data; Store 
in >64 


0008 | 0038 FeO | 


LOOP |Do Again 


Fagus,” 
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PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


Q.220-0.310 
(5.588 — 7.874) 


0.290 0.320 

—— a. GLASS 

(7-366—8.128) ” SEALANT 
0,015--0.060 


J Package 
20-Lead Ceramic DIP 


9.025 
(0.635) 
RAD TYP 


0.005 
(127) 
MIN 
0.160 
(4.064) 
MAX 


0.038 — 0.068 0.100 + 0.010 


0.008—0.018 0.080 
{0.203—0.457} 0.425 {2.032} (0.965— 1.727} (2.540 +0.254} 
(3.175) MAX 
0.385 0.025 MIN 0.014—0.026 
(9.779 40.635) (0:356—0.660) saviee: 
N Package 
fj 
20-Lead Plastic DIP 
0.250 + 0.010 
(6.350 40.254) 
0.065 
0.130 0.005 — 
0.300 ~0.320 %3.30220.127) (1.651) 


(7.620 —8. 128) 


: 


0. 


0.020 
nN 
) ae 


0.009--0.015 0.05 0.065 
aaa Ra om {1.143—1.851) 0.100 + 0.010 
MIN (2.540 + 0.254) 
+0.025 
0.3% _9 015 0.065 40.015 0.018 + 0.003 
(0.256 ee, (1.651 0.381) (©4857 0.076) nooves 
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FEATURES 


® Guaranteed 6ys Max. Acquisition Time 

@ Guaranteed 0.005% Max. Gain Error 

= Guaranteed imV Max. Offset Voltage 

@ Guaranteed 1mV Max. Hold Step 

= Very Low Feedthrough 86dB Min. 

® High Input Impedance under All Conditions 

® Logic Inputs Compatible with All Logic Families 


APPLICATIONS 


= 12-Bit Data Acquisition Systems 
= Ramp Generators 

# Analog Switches 

= Staircase Generators 

= Sample and Difference Circuits 


Precision Sample and Hold 
Amplifier 


DESCRIPTION 


The LF198 is a precision sample and hold amplifier which 
uses a combination of bipolar and junction FET transis- 
tors to provide precision, high speed, and long hold 
times. A typical offset voltage of 1mV and gain error of 
0.002% allow this sample and hold amplifier to be used in 
12-bit systems. Dynamic performance can be optimized 
by proper selection of the external hold capacitor. Acqui- 
sition times can be as low as 4ys for small capacitors 
while hold step and droop errors can be held below 
0.1mV and 30uV/sec respectively when using larger 
capacitors. 


The LF198 is fixed at unity gain with 10'°Q input im- 
pedance independent of sample / hold mode. The logic in- 
puts are high impedance differential to allow easy inter- 
facing to any logic family without ground loop problems. 
A separate offset adjust pin can be used to zero the offset 
voltage in either the sample or hold mode. Additionally, 
the hold capacitor can be driven with an external signal to 
provide precision level shifting or ‘‘differencing’’ opera- 
tion. The device will operate over a wide supply voltage 
range from +5V to + 18V with very little change in per- 
formance, and key parameters are specified over this full 
supply range. 


The LF198A version offers tightened electrical specifica- 
tions for key parameters. 


Basic Sample and Hold 


Acquisition Time 


1 
VwoovTO Liv 
T= 25°C Tt 


TIME (nSEC) 


.0 
HOLO CAPACITOR (uF) 
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ABSOLUTE MAXIMUM RATINGS 


Input Voltage ............... Equal to Supply Voltage 
Logic to Logic Reference Differential 

Voltage (Note 2)................. +30V, —30V 
Output Short Circuit Duration ............. Indefinite 
Hold Capacitor Short Circuit Duration ......... 10sec 
Lead Temperature (Soldering, 10 seconds)... . . 300°C 
Supply Voltage ..................000 00a, + 18V 
Power Dissipation (Package Limitation) 

(NO16:1) cee een di calene vet hia de Se 500mWw 
Operating Temperature Range 

LF198/LF198A .............. —55°C to 125°C 

LF398/LF398A ................0. 0°C to 70°C 
Storage Temperature Range ....... —65°C to 150°C 


PACKAGE/ORDER INFORMATION 


TOP VIEW 


ORDER 
PART NUMBER 


LF198AH 
LF198H 
LF398AH 
LF398H 


H PACKAGE 
METAL CAN 


TOP VIEW 
ay, 


v+[iy [8] Locic 
OFFSET Logic 
ansust 2] REFERENCE 


wPur [3] fe} Cy 
v-[a] [5] ouput 


LF398J8 
LF398AN8 
LF398N8 


J8 PACKAGE ile oIP 
N& PACKAGE 


PLASTIC DUAL IN UNE 


ELECTRICAL CHARACTERISTICS (note 3) 


LF198A LF398A 
PARAMETER CONDITIONS MIN TYP MAX MIN TP MAX UNITS 
Input Offset Voltage (Note 6) 0.5 1 1 2 mV 
e 2 3 mv 
Input Bias Current (Note 6) 5 25 10 25 nA 
e 75 50 nA 
Input Impedance 101° i 19'° Q 
Gain Error Ri =10k 0.001 0.005 0.001 0.005 % 
e 0.01 0.01 % 
Feedthrough Attenuation Ratio Cy=0.01pF 86 96 86 96 dB 
at 1kHz 
Output Impedance “‘HOLD’’ Mode 0.5 1 0.5 1 2 
e 4 6 Q 
“HOLD’’ Step (Note 4) Cy=0.01pF, Vopr =0 0.25 1 0.25 1 mv 
Supply Current (Note 6) T=25°C 4.5 5.5 3 4.5 6.5 mA 
Logic and Logic Reference input 2 10 2 10 pA 
Current 4 | 
Leakage Current into Hold ‘‘HOLD’’ Mode (Note 5) 10 100 10 100 pA 
Capacitor (Note 6) 
Acquisition Time to 0.1% rd 10V, Cy =1000pF 4 6 4 6 BS 
Cy =0.01pF 16 25 16 25 ps 
Hold Capacitor Charging Current | Vin Von = iV 5 5 mA 
Supply Voltage Rejection Ratio 90 110 7 90 110 oB 
Differential Logic Threshold 0.8 1.4 2.4 0.8 1.4 2.4 V 
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ELECTRICAL CHARACTERISTICS (Note 3) 


pile 

T 

Input Offset Voltage (Note 6) 2 7 mV 

10 mV 

Input Bias Current (Note 6) 43 10 50 nA 

(6) 100 nA 

Input Impedance 10° 10"? 1] 

Gain Error R, =10k 0.002 0.005 0.004 o 01 % 

0.02 0.02 % 

Feedthrough Attenuation Ratio C,=0.01pF 86 96 80 96 dB 
at 1kHz 

Output Impedance ““HOLD’’ Mode 0.5 2 0.5 4 2 

4 6 Q 

“HOLD’’ Step (Note 4) Cyh=0.01pF, Vous =0 0.5 2.0 Ie 0.5 2.5 mv 

Supply Current (Note 6) Tj= 25°C 4.5 5.5 4.5 6.5 mA 

Logic and Logic Reference Inout 2 10 2 10 pA 
Current 

Leakage Current into Hold “*HOLD’’ Mode (Note 5) 30 100 30 200 pA 

Capacitor (Note 6) 

Acquisition Time to 0.1% AVoyt = 10V, Cy = 1000pF 4 4 BS 

C,=0.01pF 16 16 1s 

Hold Capacitor Charging Current | Viy—Vour=2V 5 i 5 mA 

Supply Voltage Rejection Ratio Vour =0 80 110 80 110 dB 

Difterential Logic Threshold 0.8 1.4 2.4 0.8 1.4 2.4 V 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: T; max for the LF198/LF198A is 150°C; T, max for the 
LF398/ LFa9BA is 100°C. 

Note 2: The logic inputs are protected to + 30V differential as long as the 
voltage on both pins does not exceed the supply voltage. For proper opera- 
tion, however, both logic and logic reference pins must be at least 2V below 
the positive supply and one of these pins must be at least 3V above the 
negative supply. 

Note 3: Unless otherwise noted, Vs = 4: 15V, T}=25°C, —11.5VsViys 
+11.5V, Cy =0.01 pF, Ry = 10kQ and unitis in ‘‘sample’’ mode. Logic ref- 
erence = OV and logic voltage = 2.5V. 


Note 4: The hold step is sensitive to stray capacitance coupling between In- 
put logic signals and the hold capacitor. 1pF, for instance, will create an ad- 
ditional 0.5mV step with a 5V logic swing and a 0.01pF hold capacitor. 
Magnitude of the hold step is inversely proportional to hold capacitor value. 
Note 5: Leakage current is measured at a junction temperature of 25°C. 
The effects of junction temperature rise due to power dissipation or elevated 
ambient can be calculated by doubling the 25°C value for each 11°C in- 
crease in chip temperature. Leakage is guaranteed over full input signal 
range. 

Note 6: These parameters are guaranteed over a supply voitage range of 
+5V to + 18V. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Aperture Time* 


POSITIVE 
r INPUT STEP 


7 


0 
-50 -25 0 2 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


"See Definition of Terms 


Hold Step 
Vin=O0V 
Ty=25°6 

44 


= 
So 


HOLD STEP (mv) 
& 


° 
= 


0.017 if 


“100pF = 10009F—OLOYF Oty taf 
HOLD CAPACITOR 
Input Bias Current 


CURRENT (nA) 


-15 
-50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


Dynamic Sampling Error* 


Vt=V-=15V 
Tj= 25°C 


100 


ERROR (mv) 


3000pF 


| 
= 
) 


Palins Caled 


—100 
0.1 1 10 100 1000 
INPUT SLEW RATE (V/mSEC) 


*See Definition of Terms 


Hold Step vs Input Voltage 


(mw) 


HOLD STEP 


-15 -10 -5 0 5 10 5 
INPUT VOLTAGE (V) 


“Amplitude of hold step scales 
inversely with hold capacitor value 


Capacitor Pin Leakage 


100k 


LEAKAGE (pA) 


2 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


—50 -25 0 


Choo Di pF 
30 Neva=ov TTT TTT 
25 +4 ti Ve i 
2.0 ee tt 
15 4 ML 
1.0 T 1 iT 


Ht Ht 
vas CLM ATNIA 


t (V¥/SEC) 


Vv 
a 


A 


Ric Settling Time* 


Vt=V~=15V 
SETTLING TO 1m¥— 


0 ae 
—50 -25 0 100 125 150 


JUNCTION TEMPERATURE (°C) 
“See Definition of Terms 


1.8 


Hold Step vs Logic Slew Rate 


0.01 0.1 1.0 10 100 
LOGIC SLEW RATE (V/yS) 


Output Droop Rate 
100 
Tj= 125°C 

10-1 

= Jj=70°C 
io T)=25°C 
10-3 Fee T= 0°C, 
10-4 


1Q0pF = 1000pF OTF OE 4yF 


HOLD CAPACITOR 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Output Short Circuit Current 


20 “——T T_T 


16 —t 
7 SOURCING 
= 2 
= 10 
= 8 
3 SINKING 
6 t 
4 {. 
2 
0 {ot ae 
~50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 
Phase and Gain (Input to 


Output, Small Signal) 


GAIN—INPUT TO OUTPUT (dB) 


1k 10k 100 
FREQUENCY (Hz) 


0.001 


i) 
> 
= 


oe 
= 


ABSORPTION SAG (%) 


Capacitor Dielectric Absorption 


k 1M 


(.) AvTad 3SVHd LNdLNO OL ANdNI 


Output Noise 
160 
140 Li 
120 oun LL 
= MODE 
= 100 
= |_| 
3 
S 60 il 1 
40 | SAMPLE 
MODE 
20 
0 
10 100k 


00 1k 10k 
FREQUENCY (Hz) 


Feedthrough Rejection Ratio 


REJECTION RATIC (dB) 


50 
10 100 1k = 10k 100k 1M 
FREQUENCY (Hz) 
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Gain Error 


INPUT—OUTPUT VOLTAGE (m¥) 


{ 
Ss 
oe 


-0.3 
-15 -10 -5 Q 5 10 15 
OUTPUT VOLTAGE (¥) 


Power Supply Rejection 


REJECTION RATIO (dB) 


0 
100 1k 10k 100k 1M 
FREQUENCY (Hz) 


Capacitor Dielectric Absorption 


0.001 
AV=10V 
lveruon (UIT TTS 
MEASURED tms AFTER! | LUN, ot f 
START OF HOLD MODE KOSI TT 
Fo, 
POLYSTYRENE 2 
POLYPROPYLENE ed 
2 
MICA = 
a 
L-) 
< 
1 i 
I 
! 
us 10us = 100us «= ims. SS 10m “ys 10us 1008s tms 40ms 
SAMPLE TIME TIME IN HOLD MODE 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Output Transient at Start of Hold 
Mode 


ALL VALUES OF Cy 


0.01% (1mv) 
SETTLING = 0.848 


OUTPUT AMPLITUDE {mv} 
Pa 
z 


| 


0 02 04 06 08 10 12 14 16 
TIME (us) 


Output Transient at Start of 
Sample Period 


—t + 
JR SAMPLE RATE < SkHz) 


(NEGATIVE INPUT: SLEW (OR SAMPLE 
O00pF 


-0.4 RATE > SkHz) Cy =1 


AMPLITUDE (V¥) 


POSITIVE INPUT SLEW (OR SAMPLE RATE <SkHz) 
Cy20.01pF 


NEGATIVE INPUT SLEW (OR SAMPLE 
RATE > SkHz) Cy 2 0.0tuF 


0 1 2 3 4 5 
TIME (us) 


APPLICATIONS INFORMATION 


Hold Capacitor 

For fast sample and hold applications, the size of the hold 
capacitor is critical. A low value will give fast acquisition, 
but will also increase errors due to hold step, and droop 
caused by amplifier bias current. The capacitor should be 
made as large as possible, consistent with acquisition 
time and dynamic sampling error requirements. Capaci- 
tors larger than 0.1yF have an additional problem. They 
are generally not available in the low loss dielectrics like 
Teflon, Polystyrene, and NPO, at least not at a reasonable 
price and size. Mylar, even with its poor dielectric 
absorption properties, may be a reasonable choice where 
very long sample times are used and low droop rates are 
needed. 


Dielectric absorption in the hold capacitor can often be the 
major source of error ina sample and hold. The equivalent 
“circuit’’ of a typical capacitor is shown below with 
parallel RC networks used to model dielectric absorption. 


Typical Hold Capacitor 
Equivalent Circuit 


Cg, Cy=0.01 700.1 Cy, 
Ra, Rp GENERATE TIME CONSTANTS 
OF 0.1-50 MILLISECONDS WITH Ca, Cy 


One can see that rapid changes in capacitor voltage will 
not be tracked by the internal parasitic capacitors 
because of the resistance in series with them. This leads 
to a ‘‘sag’’ effect in the hold capacitor after a sudden 
change in voltage followed by rapid switch to the hold 
mode. The capacitor remembers its previous state via the 
charge on the internal parasitic capacitance and sags 
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APPLICATIONS INFORMATION 


back slightly toward the previous voltage. The magnitude 
of the sag depends on the voltage change and the time 
spent sampling the new voltage. Several time constants 
are typically evident in the sag, although some capacitors 
tend to exhibit a single time constant, while others show a 
sag that indicates a blending of many time constants. The 
curves labeled CAPACITOR DIELECTRIC ABSORPTION 
show the amount of sag found after a 10V step with sam- 
ple time at the new voltage and hold time at the new 
voltage as variables. It is obvious that sag problems are 
minimized by long sample times and short hold times. 
This is often in conflict with basic sampling requirements, 
but one point should be made: if at all possible, keep the 
sample and hold amplifier in the ‘‘tracking’’, or sam- 
pling, mode as much as possible to maximize the time the 
hold capacitor spends near the voltage at which it will 
eventually ‘‘hold’’. 


The best capacitor for sample and hold applications is 
Teflon. It is clearly superior with regard to dielectric ab- 
sorption and operates over the full —55°C to 125°C 
temperature range. If size or price becomes a problem, 
the second choice for full temperature range operation is 
‘*NPO’’, or ‘‘COG’’ ceramic units. Some care must be 
used here—not all NPO capacitors use the low dielectric 
constant ceramic necessary for low dielectric absorption. 
For lower temperatures (< 70°C), Polystyrene has tradi- 
tionally been the best hold capacitor. The best units are 
cylindrical and fairly large—there seems to be a strong 
correlation between small size and poorer dielectric per- 
formance. Polypropylene has nearly the same absorption 
properties as polystyrene and offers 85°C operation. It 
also tends to be smaller. Again, stay with cylindrically 
wrapped units. Other standard dielectrics such as mica, 
glass, mylar, and ordinary ceramic are much worse with 
regard to dielectric absorption. Mylar is sometimes used 
for large values when the ratio of sample to hold time is 
large and extremely low droop is required. 


Dynamic Sampling Error 

A significant sampling error can occur in any sample and 
hold if the input is moving when the unit is put into the hold 
mode. The two major causes for this error are digital delay in 
switch opening and analog delay across the hold capacitor. 


The switch opening delay is obvious and leads to a “‘held’’ 
output error of (dv/dt) x (Ty), where dv/dt is the slew rate 
of the input signal and Ty is switch delay. In the case of the 
LF198, Tg is approximately 150ns, giving a 4.5mV error 
when sampling the zero crossing of a 5V (peak) sine wave 
at 1kHz (dv/dt =A*2af = 5°27* 10°). The analog delay is 
the difference between input signal and capacitor voltage. It 
is determined by the RC product of the hold capacitor and 
the effective series resistance, which in the case of the 
LF198 is about 1500. This analog delay with a 0.01,F hold 
capacitor is ReC = 150 x 10-8 =1.5ys, or about ten times 
the delay of the switch. The sign of the analog delay is 
negative—the held output is related in time to the input 
voltage before the hold command was given. The overall 
dynamic sampling error is the sum of the digital and analog 
errors. The curve labeled Dynamic Sampling Error will be 
helpful in estimating these errors as a function of input slew 
rate and hold capacitor size. 


Dynamic sampling error can be reduced by a factor of ten 
or more by inserting a delay in the logic input so that the 
‘*hold’’ command is delayed by an amount equal to the 
RC time constant of the LF198 and external hold capaci- 
tor. Fora 0.01 F hold capacitor and the 1500 resistor in- 
ternal to the LF198, this is 1.5ys. A simple RC network 
can be used in front of the logic input for delays up to 
= 1S. Longer delays require the addition of a logic gate 
to speed up the rise time of the delayed signal. See LOGIC 
RISE TIME in this section for further details. 


Hold Step 

Hold step is the small voltage step (after settling) seen at 
the output of a sample and hold amplifier when it is 
switched from the sample mode to the hold mode with a 
steady DC input. Hold step is typically the result of, or can 
be modeled as, a fixed quantity of charge transferred to 
the hold capacitor as a result of the internal switching that 
occurs during the hold command. In the case of the 
LF198, that charge is about 5 picocoulombs, giving a 
hold step of 0.5mV for a 0.01,F hold capacitor and 5mV 
for a 1000pF hold capacitor. (V=Q/C.) Hold step is 
reasonably independent of logic amplitude if care is taken 
to minimize the stray capacitance between the logic input 
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and the hold capacitor. With thoughtful layout, including 
the guarding technique shown below, stray capacitance 
should be under 0.3pF, limiting charge variations to less 
than 0.3 picocoulombs per volt. 


Guarding Technique 


vt 


OFFSET ADJUST 


LOGIC 
REFERENCE 


GUARD TOP AND 
BOTTOM OF BOARD 


HOLD too _ eed 
CAPACITOR ro 
BOTTOM VIEW 


Use 10-pin layout. Guard around Cy Is tied to output. 


Hold step varies slightly with analog input voltage (see 
curves). A typical unit will change at 0.4 picocoulombs per 
volt. This manifests itself as a gain error when the amplifier 
is switched to the hold mode. With a 0.01,F capacitor, the 
resulting gain error will be (0.4 PC/V)/0.01~F =0.004%. 
This gain error is in the opposite direction of DC (sample 
mode) gain error. At high values of hold capacitor, DC gain 
error will dominate and gain will be slightly below unity 
(0.002%). For low value capacitors (<0.01,F), hold step 
induced gain error will dominate and hold mode gain will 
be slightly above unity. Zeroing out hold step does not 
change the variation of hold step with regard to input 
voltage. 


Offset Zeroing 

A sample and hold amplifier has two distinct offset volt- 
ages. The first is just the DC offset of the amplifier while in 
the sample or ‘‘tracking’’ mode. !tis identical to the input 
offset of any operational amplifier. The second offset 
voltage is the sum of the DC offset plus a dynamic term 
Called hold step. Hold step is a change in output voltage 
when the amplifier is switched from sample mode to hold 
mode, with the input held steady. This second offset is 
often called hold mode offset. It can be less than or much 
greater than the DC offset, depending on the magnitude 
and sign of hold step. 


A fairly accurate model for hold step is a fixed charge 
injected into the hold capacitor by the switch turn-off cir- 
Cuitry. The magnitude of the charge is reasonably inde- 
pendent of logic input amplitude. The resulting change in 
hold capacitor voltage is O/C. The charge, Q, is typically 
5 picocoutombs, giving a 0.5mvV hold step with a 0.01 pF 
hold capacitor. Since most sample and hold amplifiers are 
“‘used,’’ i.e., have their outputs read by an A to D con- 
verter, etc., during the hold mode, hold mode offset is 
arguably much more important than sample mode DC 
offset. 


DC offset adjustment is accomplished with a 1k low TC 
cermet potentiometer tied to V* with 0.6mA flowing 
through it and the wiper tied to pin 2. This allows pin 2 to 
be moved +300mV around its nominal voltage (0.3V 
below V*). Offset adjustment range is + 9mvV, and the 
adjustment procedure nominally improves offset drift 
when the DC offset is reduced to zero. This offset 
method can be used to zero out hold mode offset, but at 
the expense of some induced offset drift. Each millivolt of 
hold step offset that is corrected by this method intro- 
duces 3.3pV/°C drift. For 0.002uF or larger hold 
capacitors where hold step is a few millivolts or less, this 
is a practical solution to hold mode offset. In precision 
wide temperature range applications, or where Cp is less 
than 0.002uF, a separate hold mode zeroing method 
should be used. The circuit shown in the application sec- 
tion using a logic inverter and a 5pF capacitor is recom- 
mended (DC AND AC ZEROING). 
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Logic Fall Time 

Hold step is independent of logic input fall time only for 
fall times faster than 10V/ys. For instance, as logic fall 
time changes from 10V/ps to 1V/ys, hold step with a 
0.01yF hold capacitor will typically increase from 0.25mV 
to 1.0mV. See the curve labeled HOLD STEP vs LOGIC 
SLEW RATE for further data points. If logic slew rate is not 
constant, use the value at the threshold point (1.5V with 
respect to logic reference). An RC network will have a 
discharge slew rate of V_/RC, where Vj is the logic 
threshold of the LF198. The delay generated by the net- 
work will be RC*In(V+/V_), where V* is logic ampli- 
tude. For a 1s delay, with 5V logic, an RC time constant 
of 0.8us is needed. This has a slew rate of 2V/ys at 
threshold, which will slightly degrade hold step. It is ob- 
vious that an RC delay network significantly longer then 
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1s will have a large effect on hold step. If longer delays 
are required, they should be followed by several inverter 
Stages or a Schmitt trigger to increase slew rate. 


Adding Delay to Logic Input 


. “INVERTERS MAY BE ELIMINATED 
FOR RC <3ys 


LOGIC INPUT CONFIGURATIONS* 


TTL and CMOS 
3V sV (Hi State) < 10V 


HOLD 


THRESHOLD = 1.4V 


yt 


ope: 

SAMPLE 
THRESHOLO = 1.4¥ 
*SELECT FOR 2.8V AT PIN 8 


i HOLD 
Re | | 
5.6k SAMPLE 


THRESHOLO =0.6 (¥+}—1.4¥ 


CMOS 
7V<V, (Hi State) < 15V 


Op Amp Drive 


“The logic input signal high state must be at least 2V below the positive supply voltage of the LF198. 
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X1000 Sample and Hold 


*FOR LOWER GAINS, THE LT1008 MUST BE FREQUENCY COMPENSATED 


USE ~ or FROM COMP 2 TO GROUND 


Ramp Generator with Variable Reset Level 


*SELECT FOR RAMP RATE AY —1.2V 
R=10k AT RCH) 


Sample and Difference Circuit 
(Output Follows Input in Hold Mode 
and Resets to Vg in Sample Mode) 


Vout = Vp + AVin (HOLD MODE) 


TRACK 
“THIS RESISTOR PROTECTS INPUT 
FROM SURGE CURRENTS, BUT INCREASES 


SAMPLE TIME. IT CAN BE ELIMINATED 
IF INPUT 1S OTHERWISE PROTECTED. 


integrator with Programmable Reset Level 


RESET Vp 
LEVEL 

INPUT 
+ 


om gs 
INTEGRATE 
DIFFERENTIAL 


INTEGRATING 
INPUT 


Vour (OLD MODE)= | ree Jt vst] + [vs] 
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Output Holds at Average of 
Sampled Input Fast Acquisition, Low Droop Sample and Hold 


Weed Mere 
SELECT (Ral(Cy) >> Farfiy (Min) 


OC and AC Zeroing 2-Channel Switch 


“A” SELECT __ 
5v 
ov 
“BY SELECT 
A B 
Gain 14+0.02% 140.2% 
Zin 100 47k 
bw =1Muz = 400kHz 
Crosstalk —90dB —90dB 
@tkHz 
Offset <6mv < Thm 
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LFI98A/LF398A 
LF198/LF398 


TYPICAL APPLICATIONS 


Staircase Generator 


—_ RESET our 
ov 
CLOCK 
5v—- 
ov 
or Levee 
Capacitor Hysteresis Compensation Differential Hold 


OUTPUT 
= Vg WHEN IN 
HOLD MODE 
=(Vg+Vem) WHEN IN 
— SAMPLE MODE 
Vs 
ro 
1 
1 
aN, 
(Ven) 


** ADJUST FOR AMPLITUDE 
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LFI98A/LF398A 
LF198/LF398 


TYPICAL APPLICATIONS 


Isolated Temperature Sensor 


R8 
1000* 76 


LM135 
10mv/°K 


TI=TRW PC-SS0-32 


*COMPENSATES FOR TRANSFORMER RESISTANCE. 
SELECT FOR FLAT OUTPUT FROM LF198 WHILE 
IN SAMPLE MODE. 


Pulse Width to Voltage Converter 


15V 


OUTPUT TO 
SYNCHRONIZED 
ATO D CONVERTOR* 


STYRENE 


“READ > 1ps AFTER 


Q GOES Low 
tFOR REPETITIVE PULSES 
C4 ONLY. INCREASE C5 FOR 
2-D5 1N914 
0 1000pF f< 10kHz 


LT Were 9-109 


LFI98A/LF398A 
LF198/LF398 


TYPICAL APPLICATIONS 


Motor Speed Controller Needs No Tachometer* 


“BACK EMF OF MOTOR IS SAMPLED 
AND USED TO CONTROL SPEED. 
**SELECT FOR OPTIMUM LOOP STABILITY. 
C3 IS NON POLARIZED 


{D1 1S USED FOR START-UP. IT = 
LIMITS DUTY CYCLE T0 ~75% 


DEFINITION OF TERMS 


Hold Step: The voltage step at the output of the amplifier 
when switching from sample mode to hold mode with a 
constant analog input voltage and a logic swing of 5V. 


Acquisition Time: The time required to acquire, within a 
defined error, a new analog input voltage with an output 
change of 10V. Acquisition time includes output settling 
time and includes the time required for all internal nodes 
to settle so that the output is at the proper value when 
switched to the hold mode. 


Gain Error: The ratio of output voltage swing to input 
voltage swing in the sample mode expressed as a percent 
difference. 


Hold Settling Time: The time required for the output to 
settle within 1mvV of final value after a hold command is 
initiated. 


Dynamic Sampling Error: The error introduced into the 
held output voltage due to a changing analog input at the 
time the hold command is given. Error is expressed in mV 
with a given hold capacitor value and input slew rate. 
Note that this error term occurs even for long sample 
times. 


Aperture Time: The delay required between ‘‘Hold’’ 
command and an input analog transition, so that the tran- 
sition does not affect the held output. 
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SCHEMATIC DIAGRAM 
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LFI98A/LF398A 
LF198/LF398 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


H Package 
Metal Can 


0.355 0.370 
(9.017 —9,398) 
DIA 


0.305 ~0.335 
(7.747 8.509) 
DIA 


0.040 
(1.018) 7 i 
Max (1.270; 0.165 —0.185 


(4.19 699) 


¥ 


SEATING __h ane t 

0,500 - 0.750 

S010- Fo PLANE re 7019.08) 
pasta (0 l Ih ty 


—o| | 2.015.021 


(0.406 — 0.533) 


TYP 
45°TYP << D 
o.0z7—o.034 4\ 


0.027 — 0.045 
(0.686—1.143) 


{0.686 ~ 0.864) 
GLASS 
CO 
0.100 
(2.540) 
0.120—0.160 Bsc’ 
(3.048 — 4.064) RAD TYP 
INSULATING 
STANDOFF 


Timax 
LF198/LF198A | 150°C 
LF398/LF398A | 100°C 


(aq 0.370-- 0.400 
(9.400- 10.16) 


(0.020, 
(0.508) 
MIN 


0,155 —0.175 
(3.937 — 4,445) 


0,125 — 0.130 | | 
.175— 


0.014 —0.023. zai 023 
(0.356— 0.584) 


J8 Package 
8 Lead Hermetic DIP 


0.220—0.310 
(5.588 ~ 7.874) 


tam oi 3.015 —0.080, 0.005 
maxX = (0.381 -— 1.524) ~~ (0.127) 


0.125 — 0.200 (3.810) it 
(3.175 — 5.080) 4 


pO aow—0070 4 af 
om fore2= 1.778) 


(2590) 0.014-0.023 
{0.356 0.584) 
we 


aoes' 0.008 - 0.015 
ve (0.203—0.381) 
TP 


0.296—0.320 
(7.366 — 8.128) 


*LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


| | 


N8 Package 
8 Lead Plastic 


ok 0.240 — 0.280 
(6.096 —7.112) 


0.005 are 


0.115 ~ 0.145 
(2.921 — he 683) 


Crs e 
fines 


0,008 0.015 
(0.203—0.381) 


mal geste 


|g 9,030 0.060. ae 


—o. (0.782 1.524) i 524) 
TYP 


0.290— 0.310. 
(7-366 —7.874) 


TYP 


“LEADS WITHIN @.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tymax Oa 


LF39e/LF398A [| 100°C | 130°C/W 
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TECHNOLOGY 


FEATURES 


® Aus Typical Acquisition Time 

™ Guaranteed 0.01% Max. Gain Error 

m 2mV Typ. Offset Voltage 

@ 2.5mV Max. Hold Step 

@ Very Low Feedthrough 80dB Min. 

® High Input Impedance Under All Conditions 

® Logic Inputs Compatible with All Logic Families 


APPLICATIONS 


= 12-Bit Data Acquisition Systems 
= Ramp Generators 

® Analog Switches 

m Staircase Generators 

™ Sample and Difference Circuits 


Precision Sample and Hold 
Amplifier 


DESCRIPTION 


The LF398 is a precision sample and hold amplifier which 
uses a combination of bipolar and junction FET transis- 
tors to provide precision, high speed, and long hold times. 
Atypical offset voltage of 2mV and gain error of 0.004% al- 
low this sample and hold amplifier to be used in 12-bit sys- 
tems. Dynamic performance can be optimized by proper 
selection of the external hold capacitor. Acquisition times 
can be as low as 4us for small capacitors while hold step 
and droop errors can be held below 0.1mV and 30kV/sec re- 
spectively when using larger capacitors. 


The LF398 is fixed at unity gain with 10'0 input 
impedance independent of sample/hold mode. The logic 
inputs are high impedence differential to allow easy in- 
terfacing to any logic family without ground loop prob- 
lems. A separate offset adjust pin can be used to zero the 
offset voltage in either the sample or hold mode. Addi- 
tionally, the hold capacitor can be driven with an external 
signal to provide precision level shifting or “differencing” 
operation. The device will operate over a wide supply volt- 
age range from +5V to + 18V with very little change in 
performance, and key parameters are specified over this 
full supply range. 


Basic Sample and Hold 


Acquisition Time 


TIME (uSEC} 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Input Voltage..........seceeee eee Equal to Supply Voltage 
Logic to Logic Reference Differential 

Voltage (Note 2) .........ceceseeeeeteeees +30V, -30V 
Output Short Circuit Duration..............0068 Indefinite 
Hold Capacitor Short Circuit Duration ............. 10 sec 
Lead Temperature (Soldering, 10 seconds) ......... 300°C 
Supply Voltage ......eeeeeeeeae jig uettae rk vee £18V 
Power Dissipation (Package Limitation) 

(NOUEA) c's ccc thle care Mv agaamedcend dts 500mW 
Operating Temperature Range ................ 0°C to 70°C 
Storage Temperature Range............. - 65°C to 150°C 


ORDER 
PART NUMBER 


TOP VIEW 


LF398S8 


LOGIC 


REFERENCE 


PART MARKING 


S8 PACKAGE 
PLASTIC SO 


ELECTRICAL CHARACTERISTICS (ote) 


LF39 
PARAMETER CONDITIONS MIN TYP : MAX UNITS 
Input Offset Voltage (Note 6) 2 7 mV 
e 10 mV 
Input Bias Current (Note 6} | 10 50 nA 
e 100 nA 
Input Impedance 10% Q 
Gain Error R, = 10k 0.004 0.01 % 
0.02 % 
Feedthrough Attenuation Ratio at 1kHz Cy = 0.01nF 96 ia dB 
Output Impedance “HOLD” Mode 0.5 : 0 
Q 
“HOLD” Step (Note 4) Cy=0.01HF, Vout =0 0.5 2.5 L mV 
Supply Current (Note 6) T,225°C 45 6.5 mA 
Logic and Logic Reference Input Current 2 10 pA 
Leakage Current Into Hold Capacitor (Note 6) “HOLD” Mode (Note 5) 30 200 pA 
Acquisition Time to 0.1% AVoyrt = 10V, Cy = 1000pF 4 ps 
Cy=0.01pF 16 ps 
Hold Capacitor Charging Current Vin-Vout=2V 5 mA 
Supply Voltage Rejection Ratio | Vout =0 80 110 dB 
Differential Logic Threshold 0.8 1.4 2.4 v 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: T, max for the LF398S8 is 100°C. 

Note 2; The logic inputs are protected to + 30V differential as long as the 
voltage on both pins does not exceed the supply voltage. For proper opera- 
tion, however, both logic and logic reference pins must be at least 2V below 
the positive supply and one of these pins must be at least 3V above the 
negative supply. 

Note 3: Unless otherwise noted, Vs = + 15V, T;= 25°C, 

—11.5VsViys = +11.5V, C, =0.01pF, Ry = 10k0 and unit is in “sample” 
mode. Logic reference = OV and logic voltage = 2.5V. 


Note 4: The hold step is sensitive to stray capacitance coupling between 
input logic signals and the hold capacitor. 1pF, for instance, will create an 
additional 0.5mV step with a 5V logic swing and a 0.01F hold capacitor. 
Magnitude of the hold step is inversely proportional to hold capacitor value. 
Note 5: Leakage current is measured at a junction temperature of 25°C. 
The effects of junction temperature rise due to power dissipation or elevat- 
ed ambient can be calculated by doubling the 25°C value for each 11°C in- 
crease in chip temperature. Leakage is guaranteed over full input signal 
range. 

Note 6: These parameters are guaranteed over a supply voltage range of 
+5Vto + 18V. 


9-114 


Wee 


SECTION 10— RS232 INTERFACE 


LY Wee 10-1 


LI Te INDEX 


SECTION 10—RS232/INTERFACE 


INDEX: jets iaeeened daa wan ds Sea. seetaeai tu ensrte detox cosine Aaah mca is Wit 18 bo habia Sita SNe aan decent Ria 10-2 

SELECTION GUIDE 3223 fn..0 6 eicavsargats Sine ned Bee eee Pave o Ia De oa eyed nee Legg PENTA hnd Gas yne aad 10-3 

PROPRIETARY PRODUCTS 
LT1015, High Speed Dual Line RECGIVEr.. 6. en enn ENON Een en EE EEE eee enn EES 13-6 
171030, Quad Low Power Line Driver... 0.60 nn EEE EEE enn EEE CnC bn tented 10-5 
LT1030CS, Quad Low Power Line Driver oo... eee ee er en nent tne ened tener 10-9 
171032, Quad Low Power Line Driver... 00.60 en nee enn ene e ened tnt n ent t eters 10-11 
£71039, RS232 Driver/Receiver with ShUIGOWN 6... ee enn eee etn nnn ene en 10-19 
L7G1045, Programmable Micropower Hex Translator /Recelver/Driver... 06. een nets 10-27 
LT1080, Advanced Low Power 5V RS232 Dual Driver/Rece@iver.. 6. ete nae 10-43 
£71081, Advanced Low Power 5V RS232 Dual Driver/Recelver.. 6... ne enter tenes 10-43 
LT1080CS/LT1081CS, 5V Powered RS232 Driver/Receiver with Shutdown ....0 0.0 eee nes 10-51 
LT1130, 5-Driver/5-Receiver RS232 TranSCOIVer o.oo cnn eee enn een enn eee ented tener rene 10-55 


LT1131, 5-Driver/4-Receiver RS232 Transceiver with ShutdOWN 00. ee eet nee ees 10-55 


LT1132, 5-Driver/3-Receiver RS232 TranSC@iVer . 2... EEE ee nen tenes 10-55 
LT1133, 3-Driver/5-Receiver RS232 Transceiver... ee eect ete n teenies 10-55 
171134, 4-Driver/4-Receiver RS232 Transceiver... eee ttn nents 10-55 
LT1135, 5-Driver/3-Receiver RS232 Transceiver without Charge PUMP «2.0.6. eee eens 10-55 
LT1136, 4-Driver/5-Receiver RS232 Transceiver with Shutdown... 0. tt ee ES 10-55 
LT1137, 3-Driver/5-Receiver RS232 Transceiver with Shutdown «6.0... ee nn nets 10-55 
LT1138, 5-Driver/3-Receiver RS232 Transceiver with Shutdown 6.0.0. cn nent nee nee 10-55 
LT1139, 4-Driver/4-Receiver RS232 Transceiver with ShutdOWN 600 eee entree tae 10-55 
171140, 5-Driver/3-Receiver RS232 Transceiver without Charge PUMP ...... 666 enna 10-55 
171141, 3-Driver/5-Receiver RS232 Transceiver without Charge PUMP ©... 6.6. ee ener ae 10-55 
LT1180, Advanced Low Power 5V RS232 Dual Driver /Receiver with Small Capacitors .. 0.02... 6 eee 10-67 
LT1181, Advanced Low Power 5V RS232 Dual Driver /Receiver with Small Capacitors .. 2.2... tees 10-67 


171280, Advanced Low Power 5V RS232 Dual Driver /Receiver 
LT1281, Advanced Low Power 5V RS232 Dual Driver /Receiver 
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TECHNOLOGY 


MILITARY, COMMERCIAL AND INDUSTRIAL 


Ln INTERFACE PRODUCTS SELECTION GUIDE 


PART NUMBER | DESCRIPTION 


‘TNUMBEROF | NUMBEROF| MAXIMUM 


SHUTDOWN 


PACKAGES | 


IMPORTANTFEATURES | 


LT1030C Quad Micropower RS232 Line Driver 


ise Re 


sl. 


SUPPLY CURRENT | FEATURE _| AVAILABLE 
1mA X JN,S 


Quad RS232 Driver, Can be Strobed 
Off for Zero Supply Current. Supply 
Range from +5V to + 15V. 


LT1032C,1,M- | Quad Micropower RS232 Line Driver 


| 4 


0 | 


1mA aii 


JN 


| a for Zero Supply Current. Supply 


Quad RS232 Driver. Can be Strobed 


Range from + 5V to + 15V. 


LT1039C,1,M | Triple RS232 Driver/Receiver with 


Shutdown 


15mA J,N 


Triple RS232 Driver/Receiver Includes 
Shutdown Feature. Bias Pin Allows 
One Receiver to Remain Active while 
the Rest of the Device is Shut Down. 


Rugged Bipolar Design. 


LT1039C-16 Triple RS232 Driver/Receiver 


15mA — 


J16, N16 


16 Pin Version of LT1039 without 
Shutdown Feature. Pin-For-Pin 
Compatible with MC145406, Rugged 


Bipolar Design Less Subject to ESD 


with Shutdown 


LT1080C, |, M | “+ 5V Powered RS232 soe 


J,N,S 


até 


as 


LT11806, |, M 
with Shutdown 


LT1081C,1,M | +5V Powered RS232 Drive 


ere 


+5V Powered RS232 Driver/Receiver 


19 


id 


J,N,& 


Damage and Latchup. 
ua irri with Built 
; Vv V Power Converter. 


utdown Feature Allows Device to 
be Turned Off When Not Used, Saving 
Power. 
aif aly SE Aw i ver/Receiver with Built 
BV to + 9V Power Converter. 
Shutdown Feature Allows Device to 
be Turned Off When Not Used, Saving 
Power. Uses smaller 0.1nF 
Capacitors. 
16 Pin Version of LT 1080 without 
Shutdown Feature. Pin-For-Pin 
Compatible with MAX-232, Rugged 


Bipolar Design Less Subject to ESD 
_— ene 
S 


16 Pin Version of LT1180 without 
Shutdown Feature. Pin-For-Pin 
Compatible with MAX-232, Rugged 
Bipolar Design Less Subject to ESD 
Damage and Latchup. Uses smatier 
0.1pF Capacitors. 

Versatile Level Translator Performs 
Many Level Translation, Line Driver 
and Line Receiver Functions, Power 
Consumption is Programmable, 
(T113X Product Family Offers Wide 
Array of Multiple Driver/Receiver Func- 
tions. All Devices (Except LT1135, 


LT11816,,.M_/°+5V Powered ee ney ; ; ae yy 7 
LTC1045C,M | Programmable Micropower Hex Level 0 6 45mA J,N,S 
Translator/Receiver/Driver 100,A** 
LT11300, M +5V Powered RS232 Transceiver § 5 27mA 
LT1131C, M +5V Powered RS232 Transceiver 5 4 27mA 
LT1132C, M [av Powered RS232 Transceiver 5 3 27mA 
LT1133C, M +5V Powered RS232 Transceiver 3 5 27mA 
LT1134C, M +5V Powered RS232 Transceiver 4 4 27mA 
LT1136C, M +5V Powered RS232 Transceiver § 3 . 
LT1136C, M +5V Powered RS232 Transceiver 4 § 27mA xX 
LT1137C, M +5V Powered RS232 Transceiver 3 § 27mA x 
LT1138C,M +5V Powered RS232 Transceiver § 3 27mA xX 
LT1139C, M +5V Powered RS232 Transceiver 4 4 °. x F 
LT1140C, M +5V Powered RS232 Transceiver § 3 * Xx J,N,S 
LT11410,M +5V Powered RS232 Transceiver 3 § , x JN,S 
L Al | 


“Not yet determined at time of printing. Will be substantially below 27mA. Consult factory for actual values. 


**Programmable down to 100pA. 


7 Wen 


T1199, LT1140, T1141) Have +5V to 
+ 9V Power Supply Converter On-Chip. 
All Outputs are Overload Protected and 
Do Not Allow Current Flow Back Into 
Power Supplies When Shut Down, The 
LT1136, LT1140 and LT1141 Do Not 
Have Onboard Voltage Converters and 
are Ideal for Low Power Applications 
with + 12V Supplies Already Available. 
The LT1139 Has a + 12V to — 9V Volt: 
age Converter and is Suited for Low 
Power Applications where + 12V and 
+ 5V Supplies are Available. 
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FEATURES 


@ Low Operating Voltage +5V to + 15V 

# 500nA Supply Current 

= Zero Supply Current when Shut Down 

= Qutputs Can Be Driven + 30V 

= Output ‘‘Open’’ when Off (3-State) 

= 10mA Output Drive 

= Pinout Similar to 1488” 

= Output of Several Devices can be Paralleled 
@ Available in SO Package 


APPLICATIONS 


® RS232 Driver 
® Micropower Interface 
@ Level Translator 


* Check compatibility, some pins different 
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TECHNOLOGY 


Quad Low Power Line Driver 


DESCRIPTION 


The LT1030 is an RS232 line driver that operates over a 
+5V to + 15V range on low supply current and can be 
shut down to zero supply current. Outputs are fully pro- 
tected from externally applied voltages of -- 30V by current 
limiting. Since the output swings to within 200mV of the 
positive supply and 1V of the negative supply, power supply 
needs are minimized. 


A major advantage of the LT1030 is the high impedance 
output state when off or powered down, which allows 
several different drivers on the same bus. 


Our RS232 product line includes other high-performance 
devices. The LT1039 is a triple low-power driver/ 
receiver with shutdown that can be powered from a 5V 
supply. The LT1080 is a 5V powered dual driver / receiver 
with on-chip + 9V power generator, and shutdown. 


TYPICAL APPLICATION 


RS232 Line Driver 


*NO CONNECTION NEEDED WHEN NOT USED. 
t5v=on, 


Output Swing vs Output Current 


OUTPUT VOLTAGE REFERRED TO SUPPLIES (V) 
| 


OUTPUT CURRENT (mA) 


LT Wee 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage...............0...00000, +15V 
Logic InputPins ..................05. V- to 25V 
On-OF PIN... . eee eens GND to 12V 
Output (Forced) ............. V~ +30V, V+ —30V 
Short Circuit Duration (to +30V).......... Indefinite 
Operating Temperature Range 
[TNO80C: ekceumnaiet arid haa 0°C to 70°C 
Guaranteed Functional by Design... —25°C to85°C 
Storage Temperature............. —65°C to 150°C 
Lead Temperature (Soldering, 10sec) ........ 300°C 


PACKAGE/ORDER INFORMATION 


TOP VIEW ORDER PART 
ye 
(-15V TO ~5V) NUMBER 
mr LT1030C4 


LT1030CN 
LT1030CS 
FOR MILITARY 


IALEADCERAMIC OP guoeage usa Stic | APPLICATIONS 
veusag mai USE LT1032MJ 


ELECTRICAL CHARACTERISTICS (supp 


ly Voltage = + 5V to + 15V) 


PARAMETER MIN __1YP___—*MAK UNITS 
Supply Cure [ Vouar=24V, Tosr=0, AOupuis Low [| soo__—_—~1000 yA 
Power Supply Leakage Current Von-ore = 0.4V 1 10 pA 
Von-oFFS0.1V 40 150 pA 

Output Voltage Swing Load=2mA | Positive 5 Vt-0.3V Vt—0.1V V 
Negative | | V~4+0.9V VO 4+1.4V V 

Ouiput Current a 
Output Overload Voltage (Forced) | Operating or Shutdown fe, Vt-3v $380 V 
Output Current Shutdown Vour= + 30V Yr | 2 ~~— 00 pA 
Input Overload Voltage (Forced) Operating or Shutdown | @ | Vo 15 V 
Logic Input Levels Low Input (Voy7 = High) Bl 4 0.8 V 
High Input (Voy7 = Low) 2 4 V 

Logic Input Current Vin > 2.0V pA 
Vin <0.8V pA 

On-Off Pin Current 0<Vins5V x BA 
Slew Rate W/uS 


The @ denotes specifications which apply over the operating 
temperature range. 


Note 1: 3V applied to the strobe pin will force all outputs low. Strobe pin 
input impedance is about 2k to ground. Leave open when not used. 


PIN FUNCTION COMMENT 

1 Minus Supply Operates —2V to —15V 

2,5,9,12 Logic Input Operates properly on TTL or CMOS levels. 
Output valid from (V~ + 2V) <Viy s15V. 
Connect to 5V when not used. 

3,6,8,11 Output Line drive output. 

4 On-Off Shuts down entire circuit. Cannot be left 
open. For ‘‘normally on’’ operation, con- 
nect between 5V-10V. 

7 Ground Ground must be more positive than V~ 

13 Strobe Forces all outputs low. Drive with 
3V. 

14 Positive supply 5V to 15V. 


1N4001 


Note: As with other bipolar ICs, forward biasing the substrate 
diode can cause problems. The LT1030 will draw high current 
from V + to ground if the V~ pin is open circuited or pulled 
above ground. If this is possible, connecting a diode from V~ 

to ground will prevent the high current state. Any low cost diode 
can be used. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Off Supply Current vs 
Temperature 


SUPPLY CURRENT (nA) 


On Supply Current vs On Supply Current vs Supply 
Temperature Voltage 
5.0 7 Prey 5.0 
ot 
45 SUPLY t 4.5 
4.0 4.0 
z 35 ALL: OUTPUTS Hit z 35 ALL OUTPUTS HIGH 
& 3.0 ~ 3.0 
c = 
= 25 2 2.5 
5 S 
> 2.0 i S 20 
E a 
a is e415 
1.0 ? 40 
0.5 ALL OUTPUTS LOW 0.5 ALL OUTPUTS 
0 0 
-75 -50 ~25 0 2 S50 75 100 125 10 15 20 25 30 
TEMPERATURE (°C) TOTAL SUPPLY VOLTAGE (V) 
Off Output Leakage vs i, 
Temperature On-Off Pin Current vs Voltage 
100 = 440 
12 
eS Vsuppty = + 12V : 
3 10 = 100 
. 
2 [— OUTPUT FORCED = 90 
5 TO —25y z 
wot + 3 6 
= £ — = 
ra OUTPUT FORCED te 40 
5 TO aby 2 
= 04 = == = S 20 
3 4 x 
0.01 ~20 
25 50 75 100 126 GND 5 10 15 
TEMPERATURE (°C} ON-OFF PIN VOLTAGE (V) 


Current Limit vs Temperature 


Output Swing vs Temperature 
vt 
-0.2 


OUTPUT CURRENT (mA) 


-75 -50-25 0 2 50 75 100 125 
TEMPERATURE (°C} 


~04 


1.4 
I Tren =e] 
tL 


0.8 
0.6 
0.4 
0.2 
Ve 
-75 -50-25 0 2 50 75 
TEMPERATURE (°C) 


OUTPUT VOLTAGE REFERRED TO SUPPLIES (V) 


100 125 


25 50 75 100 12h 
TEMPERATURE (°C) 
Shutdown Voltage vs 
Temperature 
2.4 
2.2 
2.0 
S 18 
w 1.6 
Ea 
oOo 
= 1.2 
z 
o- 1.0 
be 
5 0.8 
© 0.6 + MAX OFF VOLTAGE 
0.4 
0.2 
GND 
-75 ~50-25 O 2 50 75 100 125 
TEMPERATURE (°C) 
Slew Rate vs Temperature 
a 
= 
aw 
z 
& 
wn 


—-75 -50-25 O 2 50 75 100 125 
TEMPERATURE (°C) 
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LT1030 
TYPICAL PERFORMANCE CHARACTERISTICS 


On-Off Response Time On-Off Response Time 
7 
Serena iene yg wv 
10V output | 4V 
OUTPUT = 
peat ey Win=ov) |v 
OV oa ov 
OUTPUT | _ ey OUTPUT } -2v 
Win=5V) [-3 (Vin=5¥) ] 4 
-6V 
Paar 5y on-OFF f Sv 
\NPUT ov INPUT & OV 
H= 100p8/DIV H=100us/01V 
Output Waveform Driving 
Output Waveform Capacitive Load 


OUTPUT x 
(Vg= +6) | 


ouput] 'w 
(Vga ety) oy 


Sv 
INPUT { ov 


H=10gs/DIV 


OUTPUT 


STROBE 5V 
INPUT ov 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


J Package N Package 
14-Lead Hermetic DIP 14-Lead Plastic 


0.250 4 0.010 
.220= 0.31 g 
So 7. oa (6.950 + 0.254) 


0.290 ~ 0.320 aan P 
ae, wax (5.080) 0.300 — 0.320 o.045—0.065 2.085, 
wi (7.620-8.128) 0,020 (1443 = 1.651) rl 
0.125 (0.508) [a 
0.015 - 0.060 (3.175) MIN 0.130 + 0.005, i 
(@3eT— 1524} MIN (3.302 « 0.127) 
oF 15° 7 


0.008 - 0.018 


(0:205 9.400) f 0,075.4 0.015 0.018 #-0.003 
0.395 40005 0.014—0.026 ome oT oles (1.905.038) Le well gomsnoes 
87700.635) (0:38 0.88) (2.540. 0.254) feat 
MIN 0,1002.0.010 
(0.965 = 1.727) ¢ Pe a) (2.5404 0.254) 
ate : 0.381, mranee 


Tjmax Sia 
110°C 130°C/W 
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LT1030CS 


= 


FEATURES 


= Low Operating Voltage +5V to + 15V 

@ 500A Supply Current 

= Zero Supply Current when Shut Down 

= Outputs can be Driven +30V 

= Output “Open” when Off (3-State) 

® 10mA Output Drive 

= Pin Compatible with 1488 

= Output of Several Devices can be Paralleled 


APPLICATIONS 
@ RS232 Driver 


= Micropower Interface 
® Level Translator 


Quad Low Power Line Driver 


DESCRIPTION 


The LT1030 is an RS232 line driver that operates over a 
+5V to + 15V range on low supply current and can be shut 
down to zero supply current. Outputs are fully protected 
from externally applied voltages of + 30V by current limit- 
ing. Since the output swings to within 200mV of the posi- 
tive supply and 1V of the negative supply, power supply 
needs are minimized. 


A major advantage of the LT1030 is the high impedance 
output state when off or powered down, which allows 
several different drivers on the same bus. 


See ayasssssesssnstaseascians 


TYPICAL APPLICATION 


RS232 Line Driver 


“NO CONNECTION NEEDED WHEN NOT USED. 
TS5V=0N. 


Output Swing vs Output Current 


TT] 
| 


OUTPUT VOLTAGE REFERRED TO SUPPLIES ({V) 


LT1030CS 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ......... 0... c cee eee ee eee + 15V 
LogicinputPins ...........-....++5-. V— to 25V 
On-OffPin. 0.0.06. GND to 12V 
Output (Forced) ............. V—- +30V, V+ —30V 
Short Circuit Duration (to +30V).......... Indefinite 
Operating Temperature Range 
LT1030C....... Walia euneag ine shes 0°C to 70°C 
Guaranteed Functional by Design... —25°C to 85°C 
Storage Temperature...........-. —65°C to 150°C 
Lead Temperature (Soldering, 10sec) ........ 300°C 


PACKAGE/ORDER INFORMATION 


ORDER PART 
NUMBER 


TOP VIEW 


S14 PACKAGE 
PLASTIC SO 


ELECTRICAL CHARACTERISTICS (supply Voltage = + 5V to + 15V) 


PARAMETER CONDITIONS MIN TYP MAX UNITS 
Supply Current Von-OFF = 2-4V, lour=0, All Outputs Low e 500 1000 pA 
Power Supply Leakage Current Von-ofF = 0.4V te 1 T0 pA 
Von-orF<0.1V o1 10 150 | yA 

Output Voltage Swing Load=2mA | Positive v¥—0.3V. Vt-0.1V v 
Negative j= V-+0.V Vv +1.4V V 

Output Current Vsuppty + 5V to + 15V 5 {2 mA 
Output Overload Voltage (Forced) Operating or Shutdown e vt —30V V~ +30V V 
Output Current Shutdown Vour= + 30V 2 100 pA 
Input Overload Voltage (Forced) Operating or Shutdown re Vo 15 Vv 
Logic input Levels Low Input (Voy; = High) e 1.4 0.8 V 
High Input (Voyr = Low) [e| 2 1.4 v 

Logic Input Current — Vin >'2.0V 2 20 pA 
Viy<0.8V | 40 20 sas HA 

On-Off Pin Current 0<Viy<5V 7 e| —10 30 65 pA 
Slew Rate 4 15 30 [Ws 


The @ denotes specifications which apply over the operating 


temperature range. 


Note 1: 3V applied to the strobe pin will force all outputs low. Strobe pin 
input impedance is about 2k to ground. Leave open when not used. 


PIN FUNCTION COMMENT 

1 Minus Supply Operates ~2V to - 15V 

2,5,9,12 Logic Input Operates properly on TTL or CMOS levels 
Output valid from (V~ + 2V) <Viy s 15V. 
Connect to 5V when not used. 

3,6,8,11 Output Line drive output. 

4 On-Off Shuts down entire circuit. Cannot be left 
open. For ‘‘normally on’’ operation, con- 
nect between 5V-10V. 

7 Ground Ground must be more positive than V~ 

13 Strobe Forces all outputs low. Drive with 
3V. 

14 Positive supply 5V to 15V. 


LT1030 


1N4001 


Note: As with other bipolar ICs, forward biasing the substrate 
diode can cause problems. The LT1030 will draw high current 
from V* to ground if the V ~ pin is open circuited or pulled 
above ground. If this is possible, connecting a diode from V~ 

to ground will prevent the high current state. Any low cost diode 
can be used. 
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TECHNOLOGY 


FEATURES 


™ Low Operating Voltage +5V to + 15V 
# 500A Supply Current 

= Zero Supply Current when Shut Down 
= Outputs Can Be Driven + 30V 

= Thermal Limiting 

® Output ‘‘Open’’ when Off (Three-State) 
= 10mA Output Drive 

® Pinout Similar to 1488 (See Diagram)* 


APPLICATIONS 


® RS232 Driver 

= Power Supply Inverter 
™ Micropower Interface 
® Level Translator 


* Check compatibility, some pins different 


Quad Low Power Line Driver 


DESCRIPTION 


The LT1032 is a RS232 and RS423 line driver that operates 
over a + 5V to + 15V range on low supply current and can 
be shut down to zero supply current. Outputs are fully pro- 
tected from externally applied voltages of + 30V by both 
current and thermal limiting. Since the output swings to 
within 200mV of the positive supply and 600mvV of the neg- 
ative supply, power supply needs are minimized. 


Also included is a strobe pin to force all outputs low inde- 
pendent of input or shutdown conditions. Further, slew 
rate can be adjusted with a resistor connected to the 
supply. 


A major advantage of the LT 1032 is the high impedance 
output state when off or powered down. 


For applications requiring dual or triple RS232 driver/re- 
ceiver devices, see the LT1080 (dual) or LT1039 (triple) 
datasheets. 


INPUT 
OUTPUT 


TYPICAL APPLICATION 
Output Swing vs Output Current 
RS232 Line Driver > 
g 
+6V = 
| 
STROBE* B 
INPUT a 
Ww 
OUTPUT & aie 
RESPONSE TIME th TT [| 
CONTROL* wi 
5 
4 
5 
4 
3 


*NO CONNECTION NEEDED WHEN NOT USED. 
t5vV=0N. 
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LT1032 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ...... 2.00... 0c eee eee eee +15V 
Logic Input Pins ...........-...+- eee V~ to25V 
On-Off Pin... 1. ee eee GND to 15V 
Output (Forced) ............. V~- +30V, V+ —30V 
Response PIN... 1... 6... eee ee eee eee +6V 
Short Circuit Duration (to +30V).......... Indefinite 
Operating Temperature Range 
LT1032M... 2... cee eee ee eee — 55°C to 125°C 
LTA0326 cc cae aa satnase seagate es 0°C to 70°C 
Guaranteed Functional by Design... — 25°C to 85°C 
Lead Temperature (Soldering, 10sec) ........ 300°C 


PACKAGE/ORDER INFORMATION 


ORDER PART 
NUMBER 


LT1032MJ | 
LT1032CJ 


LT1032CN 


He 


J PACKAGE 
14-PIN HERMETIC 


N PACKAGE 
14-PIN PLASTIC 


ELECTRICAL CHARACTERISTICS 


(Supply Voltage = + 5V to + 15V) 


PARAMETER CONDITIONS UNITS 

Supply Current aie Von-oFF = 2.4, lour=0, All Outputs Low HA 

Power Supply Leakage Current Von-ofF <= 0.4V pA 

Von-ofF $0. 1V, Tas 125°C pA 

Output Voltage Swing | Load=2mA | Positive V 

Negative Vv 

Output Current Vsyppry + 5V to + 15V mA 

Output Overload Voltage (Forced) Operating or Shutdown e V 

Output Current Shutdown Vout= + 30V 2 100 pA 

Input Overload Voltage (Forced) Operating or Shutdown ts v~ 30V V 

Logic Input Levels Low Input (Voy; = High) e 1.4 0.8 V 

il High Input (Voyr=Low) Le 2 1.4 T Vv 

Logic Input Current Vin>2.0V \ 2 20 pA 

Vin <0.8V 10 20 pA 

On-Off Pin Current 0<Viys5V e —10 3 50 pA 

Slew Rate Tnesponse = 0 4 15 30 [Was 

Change in Slew Rate (Note 2) lpesponse= + 50pA +50 % 

| _Tnesronse — 50pA | —50 % 

Response Pin Leakage Vsuppty = + 6V, Vonorr<0.4V, 1 pA 
Vaesponse= + 6V 


The @ denotes specifications which apply over the operating 


temperature range. 


Note 1; 3V applied to the strobe pin will force all outputs low. Strobe pin 
input impedance is about 2k to ground. Leave open when not used. 


Note 2: Response can be changed by connecting a resistor to the 
supply. For supplies less than + 6V this current is disconnected when 
shut down. Leave open when not used. 
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LT1032 


TYPICAL PERFORMANCE CHARACTERISTICS 


On Supply Current vs 
Temperature 


Supply Current vs Supply 
Voltage 


-— ALL OUTPUTS HIGH | 


\suppry — SUPPLY CURRENT (mA) 


0.4 LE} 1 Aut oututs tow_| _| __| 
oot | | fT fT i [ ft f 
mnie See 


0 
50-25 0 2 50 75 100 125 § 7.5 10 12.5 1§ 
TEMPERATURE (°C) SUPPLY VOLTAGE (+ V) 


Output Leakage vs 


Output Swing vs: Output Current Temperature 


OUTPUT VOLTAGE REFERRED TO SUPPLIES {V) 


Shutdown Pin Voltage vs 
Temperature 


RRR eR ea 
Po ene PA 
BHA 


CURRENT (pA) 


2 50 75 100 125 150 
TEMPERATURE (°C) 


Off Supply Current vs 
Temperature 


1000 


Isuppry — SUPPLY CURRENT (nA) 


Response Pin Leakage vs 
Temperature (Device Off) 


RESPONSE PIN LEAKAGE (nA) 
NTE UT 


N 
q 


N 


N 
N 


Z| 


OUTPUT CURRENT (mA) 


25 50 75 100 125 150 
TEMPERATURE (°C) 


10-13 


LT1032 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Output Swing vs Temperature 


OUTPUT VOLTAGE REFERRED TO SUPPLIES (V) 
| 


4 ___ 
—50 -25 0 2 50 75 100 125 150 
TEMPERATURE (°C) 


On-Off Response Time 


OUTPUT HIGH 


|= OUTPUT LOW 


ON-OFF {SV 
INPUT L 9 


SNPUT 


0  200ys 400us 6800p ims 


Output Waveform 
5V 
| 9 
-5V 
10V 
Vg= 4 12V 0 
Vout { 
—10V 
LOGIC BV 
INPUT 0 ESTE : 
0 2us Aps 6us Bus 104s 
Output Waveform Driving 
Capacitive Load 
6V 
av 6 
av 8 
Vout 0 
-2v 
—4V 
—6V 
Logic f SV 
INPUT { 0 


0 10n5 2028 9 30ps © 40S = S0pS 


ee 


LT WAR 
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Slew Rate vs Temperature 


20 
a RISING 
16 FALLING 
1 de 
& 
BS 12 
= 
= 19 oh We ash = 41 
z 8 7 
a 6 
Vg=+12V at \ 
4 FR, =3k0 
2 C_=51pF 
Votew= + 8V 
0 


50 -25 0 2 650) 075) 100 125 
TEMPERATURE (°C) 


On-Off Response Time 


5v/DIV 


10V 
vosr| 5v | 
0 

0 

vor| ~8V 
—10V § 


ON-OFF Sv 
INPUT 0 


| OUTPUT HIGH 


OUTPUT LOW 


0 2004s 400us 600x8 1ms 


Qutput Waveform 


4V 
ov 
Vour 0 
2 
—4V 
Logic ( 5V 

INPUT 0  . 

0 4ps Bus = 12nS 16S 20s 
Strobe Pin Response 
Sv/DIV 
OUTPUT 

0 
STROBE {5V 
INPUT \ 0 


LT1032 


i 


APPLICATIONS INFORMATION 


Application Hints 


The LT 1032 is exceptionally easy to use when compared 
to older drivers. Operating supply voltage can be as low 
as + 3V or as high as + 15V. Input levels are referred to 
ground. 


The logic inputs are internally set at TTL levels. Outputs 
are valid for input voltages from 1V above V~ to 25V. 
Driving the logic inputs to V— turns off the output stage. 
The ‘‘on-off’’ control completely turns off all supply cur- 
rent of the LT1032. The levels required to drive the device 
on or off are set by internal emitter-base voltages. Since 
the current into the ‘‘on-off’’ pin is so iow, TTL or CMOS 
drivers have no problem controlling the device. 


The strobe pin is not fully logic compatible. The imped- 
ance of the strobe pin is about 2kQ to ground. Driving the 
strobe pin positive forces the output stages low—even if 
the device is shut off. Under worst-case conditions, 3V 
minimum at 2mA are needed driving the strobe pin to in- 
sure strobing. 


The response pin can be used to make some adjustment 
in slew rate. A resistor can be connected between the 
response pin and the power supplies to drive 50nA to 
100A into the pin. The response pin is a low impedance 
point operating at about 0.75V above ground. For supply 
voltage up to + 6V, current is turned off when the device 
is turned off. For higher supply voltages, a zener should 
be connected in series with the resistor to limit the voltage 
applied to the response pin to 6V. Also, for temperatures 
above 100°C, using the response pin is not recom- 
mended. The leakage current into the response pin at 
high temperatures is excessive. 


Outputs are well protected against shorts or externally 
applied votlage. Tested limits are + 30V, but the device 
can withstand external voltages up to the breakdown of 
the transistors (typically about 50V). The LT1032 is 
usually immune to ESD up to 2500V on the outputs with 
no damage (limit of LTC tester). 


SS SS sl 


PIN FUNCTION 


COMMENT 
Operates —2V to — 15V 
Operates properly on TTL or CMOS levels. 


Output valid from (V— +2V) =Viys 15V. 
Connect to ground when not used. 


Line drive output. 
Shuts down entire circuit. Cannot be left 


open. For ‘‘normally on’’ operation, con- 
nect to V+. 


Ground must be more positive than V —~ 
Allows limited change of slew rate. Leave 


open when not used. 


PIN FUNCTION 

1 Minus Supply 
2,5,9,12 Logic [nput 
3,6,8, 14 Output 

4 On-Off 

7 Ground 

10 Response Control 
13 Strobe 

14 Positive Supply 


Forces all outputs low. Drive with 
3V. 


Operates SV to 15V 
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LT1032 


a 


TYPICAL APPLICATIONS 


Protecting Against More than +: 30V Output Overload 


TO LINE 
(NPUT TO LINE 


30V ZENERS 


FET Driver Slew Rate Adjustment* 
a tovt 
zs +15V 
: aox 80k INCREASES 
50HA 1 EW RATE 
INPUT 
1 on ~ or 
120k $120k 50uA papayas 
mo ~15V 
—V 
tovt 
*ABOUT 4V/us CHANGE 
+ZENERS PREVENT LEAKAGE 
DURING SHUT DOWN 
TTL/CMOS Compatible Strobe Strobing with CMOS 


+5V 


TO LT1032 
TTL INPUT STROBE pa cp TO PIN 13 
OF LT1032 
40k 
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LT1032 
renee 


TYPICAL APPLICATIONS 


+ 5V to + 15V Voltage Multiplier 


+5V 


1N4148 
(4) 
ined Vout 
13.7V AT'NO LOAD 
+ 12.0V AT 10mA 
470, 
AT0aF F ver 
7 —13.7V AT NO LOAD 
— 12.0V AT 10mA 
470 pF 


Aig 


+5V 


CMOS 


OUTPUT 
INPUT 


0.7V T0 4.8V 


“LEVEL SHIFTING RESISTORS NEEDED FOR EACH INPUT 


———$ 
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LT1032 
SIMPLIFIED SCHEMATIC ust 


OUTPUT 


10F4 
DRIVERS 


ae 
Ss 


att 


Q31 


RESPONSE TIME ADJ STROBE 


PACKAGE DESCRIPTION 


J Package N Package 
44Lead Ceramic DIP 14-Lead Plastic DIP 


0.785, 


0.250 40.010 
(6.350 40.254) 


0.098 
490) 
MAK 
0,200 : 
80 0.00399 cos-005 208, 
MAX (7.620—8.128) 0.020, teraa=165 88") 
0.125. 70.508) 
(2.175) MIN 0.190 40,005 
MIN {3.302 0.127) 
0-15" i a % 
0,080.01 
(23-0400) 0,009 0.015 0.075 20.015 be 0.018-4 0.003 
0,99500.025 | oor4—0.08 | | o.xooz 0.010 ra (oz2—0.381) 7,905 £0.81) {0.457 0.0765) 
0.7792.0.635) (0.26 0.68) 25420258) 0.125 “40.025 
0,038 —0.068 pe 0-325 “0,015. 0.100:+0.010 
ose T.727, bao (2.5400.284) 
aud 2889 9381 nes 


TTO32MJ | 150°C ]100°C/W | 60°C/W 


L11032CJ 100°C /W | 60°C/W 
LT10326N_} 85°C 
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LT1039/LT1039-16 


RS232 Driver/Receiver 
with Shutdown 


TECHNOLOGY 


FEATURES 


= Operates from +5V to + 15V Supplies 

= Fully Protected Against Overload 

= Outputs can be Driven + 30V without Damage 
™ Three-State Outputs; Outputs Open when Off 
® Bipolar Circuit—No Latch Up 

= +30V Input Range 

= Triple Driver/Receiver 

® No Supply Current in Shutdown 

® 30k0 Input Impedance 

= Meets All RS232 Specifications 

™ 16 Pin Version—Pin Compatible with MC145406 
= Available in SO Package 


APPLICATIONS 


® RS232 Interface 
= Terminals 
= Modems 


RS232 
OUTPUT 


LOGIC 
RS232 IN 


RS232 


OUTPUT Logie 


LOGIC 


*BIAS PIN USED TO KEEP 
THE RECEIVER ON WHILE 
IN SHUTDOWN. 


DESCRIPTION 


The LT1039 is a triple RS232 driver/receiver which includes 
SHUTDOWN. Each receiver will accept up to + 30V input 
and can drive either TTL or CMOS logic. The RS232 drivers 
accept TTL logic inputs and output RS232 voltage levels. 
The outputs are fully protected against overload and can 
be shorted to ground or up to + 30V without damage to the 
drivers. Additionally, when the system is shut down or 
power is off, the outputs are in a high impedance state al- 
lowing data line sharing. Bipolar circuitry makes this 
driverireceiver exceptionally rugged against overloads or 
ESD damage. 


A bias pin allows one receiver to be kept on while the rest 
of the part is shut down. 


The 1039 is also available in the 16 pin version, without 
shutdown or bias pin functions. 


For applications requiring operation from a single 5V sup- 
ply, see LT1080/81 datasheet. 


Driver Output Swing 
V+ —— 
POSITIVE 
-05 
= 
ws 
z 15 
a 
$ 
= 
z 1.0 NEGATIVE 
3 
0.5 
yo 
0 2 10 


4 6 8 
OUTPUT CURRENT (mA) 


5s 
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LT1039/LT1039-16 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage — ORDER PART 
Driver EV) ccs Yeh steve swrecetnseiacies + 16V Fcc out NUMBER 
Receiver (Voc). ....cccccee cece eens eee eeee eae eneeee IV 

Logic Inputs.............cccessseeceeeereeees V— to 25V crvoses6 Fl nce out LT1039CN16 

Receiver Inputs..........-00ceceeeeeeeeneeeeeeees +30V recs out LT1039C116 

On-Off INDUt ose ecsccccseseeeeeeeeeeees GND to 12V LT1030Md16 

Driver Outputs...............008- V— +430V toV+ -30V 

Short Circuit Duration.............sceeeeeee ees Indefinite ISLE ERROMNC DP 16-LEAD PLASTIC DP 

Operating Temperature Range TOP VIEW 
LT1039M ... 0... cece cece eee e ese e eee - 55°C to 125°C LT1039CN 
LN CQ0G a ccusccsneken stachassontenians 0°C to 70°C Z 7] on-FF 1T1039CJ 
Guaranteed Functional by Design ..... - 25°C to 85°C pS) vc 07 LT1039MJ 

Lead Temperature (Soldering, 10 sec.)............ 300°C cn — ee LT1039CS 


[12] REC3 OUT 


PACKAGE N PACKAGE 
18-LEAD CERAMIC DIP S PACKAGE 48-LEAD PLASTIC DIP 
18-LEAD PLASTIC SOL 


ELECTRICAL CHARACTERISTICS 


PARAMETER [_conomons, | ON re wax | uns 
Driver V+ =12V;V— = -12V; Vonorr= 2.5V 
Output Voltage Swing Load = 3k Positive eo] v+—04 v+-04 v 
to Ground Negative e V~ 415 Vo +1 v 
Logic Input Voltage Input Low Level (Voyr = High) . 14 0.8 Vv 
Levels Input High Level (Voyr = Low) 2.0 1.4 V 
Logic input Current Vin22.0V pA 
Vin <0.8V 5 pA 
Output Short Circuit Sourcing Current, Voyr = 0V 5 15 mA 
Current Sinking Current, Voy = OV ~5 -15 mA 
Output Leakage Current SHUTDOWN (Notes 1 and 2); Voyr = + 18V, Vin=0 10 (25°C) 200 pA 
Supply Leakage Current SHUTDOWN (Note 1) 4 (25°C) 100 | pA 
Slew Rate Ry = 3k0; C= 51pF 4 15 30 Vips 
Supply Current 4 8 mA 
Recelver Voc=5V; Vonorr=2.5V 
Input Voltage Thresholds Input Low (Voy; = High) e 0.5 1.3 Vv 
Input High (Voyy = Low) e 17 28 V 
Hysteresis oe ae _10 V 
Input Resistance e 30 kQ 
Output Voltage Output Low, Ioyr = - 1.6mA e 0.4 05 v 
Output High, loyr = 160¢A e 3.5 48 v 
Output Short Circuit Sinking Current, Voyt = Voc -10 mA 
Current Sourcing Current, Voyr = OV (Note 3) 05 1 | mA 
Output Leakage Current SHUTDOWN (Note 1); 0V <VourS Voc, Vin=9 e 1 10 pA 
Supply Guent fee Oe 4 7 mA 
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ELECTRICAL CHARACTERISTICS 


PARAMETER CONDITIONS MIN TYP MAX 
Supply Leakage Current SHUTDOWN (Note 1) |e | 1 (25°C) 100 
On-Off Pin Current OV<Vowarr<5V ep 5 


The @ denotes specifications which apply over the operating temperature 
Tange. 

Note 4: Voyorr=0.4V for - 55°C <T,< 100°C, and Von. oer = 0.2V for 
100°C <T, < 125°C. Does not apply to LT1039-16 part. 


LT1039/LT 1039-16 


Note 2: For T,> 100°C, leakage current is 350zA max. 
Note 3: For T, < — 25°C, output source current is 0.4 mA. 


PIN FUACTIONS (Pin numbers listed are for 18 pin device). 


V+, V— (Pins 1, 9): Driver supply pins. Supply current 
drops to zero in SHUTDOWN mode. Driver outputs are in a 
high impedance state when V + andV— =0V. 


Vcc (Pin 18): 5V power for receivers. 
GND (Pin 10): Ground pin. 


TR IN (Pins 11, 13, 15): RS232 driver input pins. Inputs are 
TTLICMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vcc. 


TR OUT (Pins 4, 6, 8): Driver outputs with RS232 voltage 
levels. Outputs are in a high impedance state when in the 
SHUTDOWN mode or when power is off (V+ and 
V—=0V) to allow data line sharing. Outputs are fully 
short circuit protected from V— +30V to V+ -30V with 
power on, off, or in the SHUTDOWN mode. Typical output 
breakdowns are greater than +45V and higher applied 
voltages will not damage the device if moderately current 
limited. 


REC IN (Pins 3, 5, 7): Receiver input pins. Accepts RS232 
voltage levels (+ 30V) and has 0.4V of hysteresis to provide 
noise immunity. Input impedance is nominally 30k0. 


REC OUT (Pins 12, 14, 16): Receiver outputs with TTL/ 
CMOS voltage levels. Outputs are in a high impedance 
state when in the SHUTDOWN mode to allow data line 
sharing. Outputs are fully short circuit protected to ground 
or Vcc with power on, off, or in the SHUTDOWN mode. 


ON-OFF (Pin 17): Controls the operation mode of the 
LT1039 and is TTLICMOS compatible. A logic low puts the 
device in the SHUTDOWN mode which reduces input sup- 
ply current to zero and places both driver and receiver out- 
puts in a high impedance state. 


BIAS (Pin 2): Keeps receiver 1 on while the LT 1039 is in the 
SHUTDOWN mode. Leave BIAS pin open when not in use. 
See Application Hints for proper use. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Driver Output Short 
Circuit Current Receiver Input Thresholds On-Off Pin Thresholds 
3.00 5.0 
2.78 45 
2.50 4.0 
2 = 2.25 E35 bas] 
3 2 2.00 = 3.0 
5 3 1.75 = 2.5 
2 2 10 Ke ee MINIMUM ON sous 
2 ™ 4.25 z 15 
1.00 1.0 t 
0.75 05 MAXIMUM OFF VOLTAGE 


0.50 
-55 -25 


0 
—55 -25 


0 2 50 75 100 125 
TEMPERATURE (°C) 


0 25 (50 
TEMPERATURE (°C) 


0 |__| 
—-55 -25 0 2 50 75 100 125 
TEMPERATURE (°C) 


7 100 125 


OER 
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LT1039/LT1039-16 


TYPICAL PERFORMANCE CHARACTERISTICS 


Driver Output Leakage Receiver Output Short 
Supply Current in SHUTDOWN in SHUTDOWN Circuit Current 
1000 = 1000 100 = - 
SUPPLY CURRENT MEASURED} | —— = = 
INTO Vg AND V+ as | OUTPUT SINKING —— 
z ra eal 
= 100 Z 100 = 10 | 4 
= = = = 
z 3 ed | 
ao w c ae ere 
— | Oo J] 
> 2 i = a OUTPUT SOURCING 
s VouT= —30V 
E 10 3 40 iat = 4 
a 5 2 = 
wn z + aoa = o TO 
= ama Sar El 
3 > Sa 
4 earn {| t 
1 1 0.1 —t —- 
-55 ~25 0 25 50 75 100 125 -55 -25 0 2 50 75 100 125 -55 -25 0 25 50 75 100 125 
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C) 
On-Off Pin Current vs Voltage Driver Output Swing vs Current 
40 vt 
= 
- 0? OUTPUT HIGH 
% 2 -04 
zB @ = 
3 2 | 
= 2 |_| @ 12 OUTPUT LOW 
« € 
5 15 é 1.0 
5 10 + = 08 
2 ret | 
Zz 4 = 06 
i=] 
0 c 04 tet 
Fa 
-4 5 02 
o 
-10 Wt v- pega eae 
0 4 2 3 4 5 0 0.5 10 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
INPUT VOLTAGE (V) OUTPUT CURRENT (mA) 
Output Waveforms SHUTDOWN to Driver Output 
10V 10V 
DRIVER DRIVER ; 
QUTPUT oy OUTPUT oy Z 
—10V ov 
ov 
IVER 
RECEIVER J 5V OUuTPET ~5V 
OUTPUT } oy —10V 
SV ON-OFF { SV 
INPUT A 
es INPUT { oy a 
0 2us 4yus 6ys 8ys 0 ims  2ms 3ms_ 4ms 
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TYPICAL PERFORMANCE CHARACTERISTICS 


SHUTDOWN to Receiver Output Bias Pin Response Time 


6V 


RECEIVER J 4V 
OUTPUT } oy 


OV Eas 


ON-OFF J 5V 
INPUT | ov fee: 


6V 


RECEIVER 1 J 4V 
OUTPUT | 2V 


BIAS INPUT J 5V Eee 
(THRU 25k9) ) oy fae 


0 0.2us O.4ps O0.6ys 0.8n5 


TYPICAL APPLICATION 


LT1080 (Driver/Receiver with Power Supply) Driving an LT1039 


TTL INPUT RS232 OUT RS232 OUT 
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APPLICATION HINTS 


The driver output stage of the LT1039 offers significantly 
improved protection over older bipolar and CMOS designs. 
In addition to current limiting, the driver output can be ex- 
ternally forced to + 30V with no damage or excessive cur- 
rent flow, and will not disrupt the supplies. Some drivers 
have diodes connected between the outputs and the sup- 
plies, so externally applied voltages can cause excessive 
supply voltage to develop. 


Placing the LT1039 in the SHUTDOWN mode (Pin 17 low) 
puts both the driver and receiver outputs in a high 


LT1039 Driver 


ae SL 30V 
~~” OUTPUT CAN —30V 


BE FORCED 
EXTERNALLY 


Older RS232 Drivers and Other CMOS Drivers 


Vt 
WITH SOME DRIVERS, 
EXTERNALLY APPLIED 
VOLTAGE CAN FORCE 
THE SUPPLIES 
ve 
Sharing a Transmitter Line 


(T1039 #1 
DRIVER 


LOGIC 
INPUT A 


(T1039 #2 
ORIVER 


RS232 
TRANSMISSION 
LINE 


impedance state. This allows data line sharing and 
transceiver applications. 


The SHUTDOWN mode also drops all supply currents 
(Voc, V+, V~) to zero for power-conscious systems. 


When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other active re- 
ceiver on the line, a 51k resistor can be placed from the 
logic input to Vcc to force a definite logic level when the 
receiver output is in a high impedance state. 


Sharing a Receiver Line 


171039 #4 
RECEIVER 


RS232 
INPUT A 


171039 #2 
RECEIVER 


LOGIC 
OUTPUT 


RS232 
INPUT B 


LOGIC 
ON-OFF INVERTER 
(CHANNEL 
SELECT) 
INPUT 


Transceiver 
111039 #1 
IVER 
$232 
TRANSMIT /RECEIVE 
LUNE 


LT1039 #2 
RECEIVER 


LOGIC 
ON-OFF INVERTER 
(TRANSMIT/ 
RECEIVE} 
INPUT 


LY WR 


LT1039/LT 1039-16 
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APPLICATION HINTS 


To protect against receiver input overloads in excess of 
+30V, a voltage clamp can be placed on the data line and 
still maintain RS232 compatibility. 


The receiver input impedance of the LT1039 is nominally 
30k0. For applications requiring a 5k? input impedance, a 
5.6k0 resistor can be connected from the receiver input to 
ground. 


Driver inputs should not be allowed to float. Any unused 
inputs should be tied to Vcc. 


L71039 
RECEIVER 


RS232 
INPUT 


*FORCES LOGIC INPUT STATE 
ON-OFF WHEN Von. oFF IS LOW 


INPUT 


RECEIVER 


LOGIC 
OUTPUT 


RECEIVER 


RS232 INPUT Loic 


OUTPUT 


5.6k2 


The bias pin is used to “keep alive” one receiver while in 
the SHUTDOWN mode (all other circuitry being inactive). 
This allows a system to be in SHUTDOWN and still have 
one active receiver for transferring data. It can also be 
used to make an RS232 compatible SHUTDOWN control 
line. Driving the bias pin low through a resistance of 24k0 
to 30k keeps the receiver active. Do not drive the bias pin 
directly from a logic output without the series resistor. An 
unused bias pin should be left open. 


Keeping Alive One 
Receiver while in 
SHUTDOWN 


LOGIC SHUTDOWN 
INPUT 


RS232 
INPUT 


RS232 Compatible 
SHUTDOWN Control Line 


25k2 


LI WH 


10-25 


LT1039/LT1039-16 
PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


J16 Package Ceramic DIP 


0,160 0.200 
0,290 ~0.320 oe 
9,290 - 0.320 eo (21.336) 
(7.37 8.13) (4.064) 080) 0.005 as 
MAX MAX 0.13) je 


0.220-0.310 
(5.588 — 7.847) 


0.038 — 0.068 
(0.965 — 1,727) 


0,008 ~0.018 
(0.203 — 0.460) 0.125, 
13.175) 
0,385 0.025 _ | MIN 0.1004 0.010 0.014 —0.026 
(9.779 0.635) (2.5404.0.254) (0.36 -0.66) ste8s 
Bia Sic 
LT1039MJ16 
LT1039CJ16 
418 Package Ceramic DIP os 
0.290-0.320 9.160, 0.200 memes ee = 154 BA) 
(7,36678.128) (4.064) 0.038 -0.068 080) 
MAX ieaes=1727) | ~ MAX fg : 
pus es 
0.015 -0.060 f 
(0.360 1:54) 0.220-0.310 
(6.590 7,870) 
0.008—0,018 90° +4" 


(0.203-0.460) TYP 
0.985 0.025 0,098 [4,204 =0.028, 
(9.779 30.635 a 
(8.779 0.635) 490) L 0,100 4 0.010 wl = REA S) i317) 
(2540+ 0.254) MIN 6108 


N16 Package Plastic DIP 


0.770 
r (19.558) "| 
ra Ci fol) 


0,045 —0.065 


0.130 + 0.005, 


065 
(1.651) 

TP 
4 


0.300 —0.320. 
{7,620 —8.128) {3.302 £0,127) (1.143 = 1.651), 
0,020 
(0.508) 0,250 40.010 
MIN “F (6.350 + 0.254) 
0.009 —0.015, . [0.045 20.015| — lL nore+0.05 9.018 + 0.003 
(0.229 —0.381) at (1,143 + 0,381) (0.457 0.076) 
a 0.100 + 0.010. 
6 255 (2.540 40.254) 
iat 
LT1039CN16 
N18 Package Plastic DIP 
0.300 -0.320 300 0.320 0.065 
(7-620 8.128) (1.651) 0,045 - 0.065 
t TYP (1.143 = 1.651) 
Sra, | 0.020, 
(0.508) 
0.250 + 0.010 


(6.350 + 0,254) 


pee 


0,130 + 0.005 { 
(3.302 + 0.127) 


0.009- 0.015, | [0.100200 
(6.229—0.381} *| |. eumacois 
0.045 + 0.015 0.018 0.003 
$0.02 9.045 0.015 
9.325 — 9.015 {£143 0.381) {0.457 = 0.076) 
0108 


+0. (oss F853) 
Timax Oja ic 
LT10390N asec =| (120°C 50°CIW 


@ 255, “9.381 


10-26 LY WAR 


LTC1045 


| 0 Se 


FEATURES 


= Efficiently Translate Voltage Levels 

® Internal Hysteresis for Noise Immunity 

= Output Latches Included 

= Three-State Outputs 

= Programmable Power/Speed 

= Power can be Completely Shut Off 

= +50V on Inputs with External 100k0 Limit Resistor 
= 1.2us Response at 100xA Supply Current 


APPLICATIONS 


= TTLICMOS to + 5V Analog Switch Drive 
= TTLto CMOS @V to 15V Vcc) 

= ECL to GMOS (3V to 15V Vcc) 

= Ground Isolation Buffer 

= Low Power RS232 Line Receiver 


Programmable Micropower Hex 


Translator / Receiver / Driver 


DESCRIPTION 


The LTC 1045 is a hex level translator manufactured using 
Linear Technology’s enhanced LTCMOS™ silicon gate 
process. It consists of six high speed comparators with 
output latches and three-state capability. Each compara- 
tor’s plus input is brought out separately. The minus in- 
puts of comparators 1-4 are tied to Vrpip1 and 5-6 are tied 
to Vtpipz. 

The Iser pin has several functions. When taken to V+ the 
outputs are latched and power is completely shut off. 


Powerlspeed can be programmed by connecting Isey to 
V~ through an external resistor. 


LTCMOS™ is a trademark of Linear Technology Corp. 


Flat Ribbon Cable Driver/Receiver 


XMT OUT 
Zo= 1502 


XMIT IN (5V/DIV) 
XMT OUT (1V/DIV) 
RCV IN (1V/DIV) 


RCV OUT (S5V/DIV) 


66 FT FLAT RIBBON CABLE 


[~ oO 
ADJACENT CONDUCTORS 


RCV OUT 
uu TTL OUT 


100ns/DIV 


LY WAR 
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ABSOLUTE MAXIMUM RATINGS 


(Notes 1 and 2) 
Total Supply Voltage (V+, Voy toV-,VoL).......0008. 18V 
Output High Voltage (Vou) .......eseseeeeeseeeeeeas <Vt 
Input Voltage ..........cceeceeee seca eee 18V to V~ -0.3V 
Operating Temperature Range 
LTC10456... 0. eee shemeehieed — 40°C to 85°C 
LTC1045M ......... are ~ 55°C to 126°C 
Storage Temperature Range............. - 55°C to 150°C 
Lead Temperature (Soldering, 10sec) .............. 300°C 
Output Short Circuit Duration 
(VOH-VOLS10V)....0..cescseecseseeeeeaes Continuous 
ESD (MIL-STD-883, Method 3015.1)............00008 2000V 


PACKAGE/ORDER INFORMATION 


| ORDER PART 
NUMBER 


TOP VIEW 


yt 
QUTPUT 1 


cella LTC1045MJ 
ou LTC1045CJ 
oR LTC1045CN 


1701045 
OUTPUT 5 


OUTPUT 6 
DISABLE 
Iser 
Vot 


J20 PACKAGE 
HERMETIC DIP 


N20 PACKAGE 
PLASTIC DIP 


ELECTRICAL CHARACTERISTICS 


(Note 3) V* = Voy =5V, V~ =Vo, =0V, Ta =25°C unless otherwise specified. 


fe LTC1045M LTC1045C 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
lp Input Bias Current +1 +1 nA 
1.0 0.5 pA 
Trip Voltage Range Vv vtn2 V- yt-2 | v 
(Pin 8 and Pin 9) 
|g V*toV™ Supply Current | DISABLE = Vt, Rgey = 10k 25 3.5 25 3.5 mA 
5.0 45 mA 
lorr V* toV™ Supply Current | DISABLE =Isep=V* 10 10 nA 
in Shutdown 5 1 pA 
Vaer Voltage on Iger (Pin 12) Reet = 10k 09 0.9 V 
e 05 14 0.6 1.25 V 
Vou TTLOutputHigh Voltage [loyr=-360KA,Vt=45V [@| 24 44 = | 24 44 v 
Vo. TTL Output Low Voltage | loyr=1.6mA,V*=4.5V | @ 02 04 02 04 V 
Isink Output Short Circuit Vin= Via — 100m, 85 15 75 15 mA 
Sink Current Vour=V e 5.5 5.5 mA 
Isounce | Output Short Circuit Vin = Vine + 100mV, 45 8.0 4.0 8.0 mA 
Source Current Vout = V7 e 3.2 3.2 mA 
loz Three-State Leakage DISABLE = V* 0.005 0,005 pA 
Current Vos Vout Vou ° 1 1 pA 
Rou Output Resistance to Voy | |lour} s 100nA 260 = 400 260 = 475 Q 
600 600 i] 
Ro. Output Resistance to Vo, | |loyr| s 100xA 100 150 100 180 Q 
250 250 0 
Igex Voltage for Shutdown Vt -05 vt -05 Vv 
DISABLE Input Logic 
Vi Levels V+ =4.5V, V7 =0V 2.0 2.0 Vv 
Vit V+ =5.5V, V7 =0V 0.8 0.8 v 
Input Supply Differential 45 15 45 15 V 
(V* -V7) (Note 3) 
Output Supply Differential 3 15 v 
(Von Vou) (Note 3) 
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AC ELECTRICAL CHARACTERISTICS 


V+ =Voy=5V, V~ = Vo, =0V, Ta = 25°C unless otherwise specified. 


LTC1045M LTC1045C 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 
Response Time Test Circuit Figure 1 200 
Reger = 10k, + 100mvV Drive 350 
Time Before Rising Edge of Ise that Test Circuit Figure 2 
Data Must be Present 
Time After Rising Edge of Iser that Test Circuit Figure 2 
Data Must be Present 
Falling Edge of DISABLE to Logic Test Circuit Figure 3 
Level (from Hi-Z State) 


SYMBOL 


State 
The @ denotes the specifications which apply over the full operating Note 3: During operation near the maximum supply voltage limit, care 
temperature range. should be taken to avoid or suppress power supply turn-on and turn-off 
Note 1: Absolute Maximum Ratings are those values beyond which the life transients, power supply ripple, or ground noise; any of these conditions 
of the device may be impaired. must not cause a supply differential to exceed the absolute maximum 
Note 2: The maximum differential voltage between any two power pins rating. 


(V+, V~, Voy and Vo, ) must not exceed 18V. The maximum recommended 
operating differential is 15V. 


TEST CIRCUITS 


tH 


av 


SV 
OUTPUT ¥ 2.5V 


ow DISABLE 


Figure 1. Response Time Test Circuit 


Vw 


Vipup= 1.20 


ths 10ns 
tace ead i, 
10% 

‘OUTPUT tage: 

Sv 
| 5V an a OUTPUTS eee ee 5 
‘ger 50% OISABLE -5V 
5 Figure 3. Three-State Output Test Circuit, 
Figure 2. Latch Test Circuit Conditions: V* =5V, V~ =0V, Von =5V, VoL =0V 


LT WR 10-29 


LTC1045 


TYPICAL PERFORMANCE CHARACTERISTICS 


\* vs Temperature Delay Time vs Rger 


DELAY TIME, tp (us) 


V+ TO V— CURRENT, | + (mA) 
V+ TO V— CURRENT, | + (mA) 


. mi 
-50 -2 0 25 50 7% 100 125 100 tk 10k 100k 1M 100 1k 10k 100k 1M 
AMBIENT TEMPERATURE, Ta (°C) Reser (9) Reet (0) 
Vrer vs Temperature Hysteresis vs Rgey 
- V+=5V 
18 
= = 16 H 
2 14 
i E49 
3 = 6 
3 8 4 + sty 
2 +T 
01 0 
—50 -25 0 25 50 75 100 «125 100 1k 10k 100k 1M 
AMBIENT TEMPERATURE, Ta (°C) Rset (Q) 
PIN DESCRIPTION 
Pin Name Description Pin Name Description 
{ VoH High level to which the output 11 VoL Comparator negative supply 
switches 12 Iset This pin has three functions 
2-7 INPUT _— Six comparator inputs; voltage 1) Ret from this pin to V~ sets bias 
range=V~- to V~ + 18V current 
8 Vtrip2 _Trip point for first four comparators 2) When forced to V* power is shut 
(inputs 1-4); voltage range = V- to off completely 
yVt+—2V 3) When forced to V* outputs are 
9 Vrripi Trip point for last two comparators latched 
(inputs 5-6); voltage range = V- to 13 DISABLE When high outputs are Hi-Z 
Vt+—-2V 14-19 OUTPUT Six driver outputs 
10 V- Low level to which the output switches 20 yt Comparator positive supply 
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BLOCK DIAGRAM 


| 
aaa | ! 
1.6V 
Vrapt vee DISABLE 
(13) 
eg GENERATOR 


SHUT- LATCH 


ENABLE 


| 

| 

| 

| 

See Cicero ---{a}2 
arte (10) (12) (11) 
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APPLICATIONS INFORMATION 


The LTC1045 consists of six voltage translators and asso- 
ciated control circuitry, see Block Diagram. Each transla- 
tor has a linear comparator input stage with the positive 
input brought out separately. The negative inputs of the 
first four comparators are tied in common to Vrpipi and 
the negative inputs of the last two comparators are tied in 
common to Vpip2. With these inputs the switching point 
of the comparators can be set anywhere within the com- 
mon-mode range of V- to V*+-2V. To improve noise 
immunity each comparator has a small built-in hysteresis. 
Hysteresis varies with bias current from 7mV at low bias 
current to 20mV at high bias current (see typical curve of 
Hysteresis vs Regt). 


Setting the Bias Current 


Unlike CMOS logic, any linear CMOS circuit must draw 
some quiescent current. The bias generator (Block Dia- 
gram) allows the quiescent current of the comparators to 
be varied. Bias current is programmed with an external re- 
sistor (see typical curve of 1+ vs Rger). As the bias current 
is decreased, the LTC1045 slows down (see typical curve 
of Delay Time vs Rgeq). 


Shutting Power Off and Latching the Outputs 


In addition to setting the bias current, the Iser pin shuts 
power completely off and latches the translator outputs. 
To do this, the Iser pin must be forced to V+ -0.5V. As 
shown in Figure 4, a CMOS gate or a TTL gate with a resis- 
tor pull-up does this quite nicely. Even though power is 


V+ (4.5V TO 15V) 


(A) CMOS ca 
Figure 4. Driving the Igey Pin with Logic 


(B) TTL 


turned off to the linear circuitry, the CMOS output logic is 
powered and maintains the output state. With no DC load 
on the output, power dissipation, for all practical pur- 
poses, is zero. 


Latching the output is fast—typically 80ns from the rising 
edge of ser. Going from the latched to flow through state 
is much slower—typically 1.5ys from the falling edge of 
Iser. This time is set by the comparator’s power up time. 
During the power up time, the output can assume false 
States. To avoid problems, the output should not be con- 
sidered valid until 2us to 5ys after the falling edge of Iser. 


Putting the Outputs in Hi-Z State 


A DISABLE input sets the six outputs to a high impedance 
state. This allows the LTC1045 to be interfaced to a data 
bus. When DISABLE = “1” the outputs are high impedance 
and when DISABLE = “0” they are active. With TTL sup- 
plies, V* =4.5V to 5.5V and V~ = GND, the DISABLE input 
is TTL compatible. 


Power Supplies 


There are four power supplies on the LTC1045: V+, V-, 
Vou and VoL. They can be connected almost arbitrarily, 
but there are a few restrictions. A minimum differential 
must exist between V+ and V~- and Voy and VoL. The V+ 
to V~ differential must be at least 4.5V and the Voy to Vo. 
differential must be at least 3.0V. Another restriction is 
caused by the internal parasitic diode D1 (see Figure 5). 


V+ (4.5V TO 5.5V) 


DATA 


OUTPUT 
PIN 


DISABLE 


Figure 5. Output Driver 
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APPLICATIONS INFORMATION 


Because of this diode, Vox must not be greater than V*. 
Lastly the maximum voltage between any two power sup- 
ply pins must not exceed 15V operating or 18V absolute 
maximum. For example, if V* =5V, V~ or Vo, should be 
no more negative than - 10V. Note that Vo, should not be 
more negative than — 10V even if the Voy to Vor differen- 
tial does not exceed the 15V maximum. In this case the V+ 
to Vo, differential sets the limit. 


Input Voltage 


The LTC1045 has no upper clamp diodes as do convention- 
al CMOS circuits. This allows the inputs to exceed the V* 
supply. The inputs will break down approximately 30V 
above the V~ supply. if the input current is limited with 
100k, the input voltage can be driven to at least +50V 
with no adverse effects for any combination of allowed 


bod 


no pte 


0 2 4 6 8&8 10 12 14 16 
V+—Vou (V) 


Figure 6. Relative Output Sourcing 
Resistance (Rox) vs V* - Von 


power supply voltages. Output levels will be correct even 
under these conditions (i.e., if the input voltage is above 
the trip point, the output will be high and if it is below, the 
output will be low). 


Output Drive 


Output drive characteristics of the LTC1045 will vary with 
the power supply voltages that are chosen. Output 
impedance is affected by V+, Von and Vo. V~ has no ef- 
fect on output impedance. Guaranteed drive characteris- 
tics are specified in the table of electrical characteristics 
for Vt =VoH=5V and V- =Vo_=OV. Figures 6 and 7 
show relative output impedance for other supply combina- 
tions. In general, output impedance is minimized if V+ to 
Von is minimized and Voy to Vo is maximized. 


5V] 


Re 
‘SPECIFIED POINT 


Ro./[RoL@(Vou-Vov 


0 
0 2 4586 8 0 12 14 16 
Vou—Vow (V) 


Figure 7. Relative Output Sinking 
Resistance (Roi) vs Vou - Vo. 


TYPICAL APPLICATIONS 


ECL to CMOSITLL Logic 
av 


Wec=5¥) 


TTLICMOS (Vcc = 5V) to High Voltage CMOS (Voc = 15¥) 


se 


romeo 
ail TRIP 


SS Lt BUFFER 
ie 
~1aV 
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TYPICAL APPLICATIONS 


High Voltage CMOS (Vcc = 15V) to TTLICMOS (Voc = 5V) 


CMOS 
(Woc= 15V) 


TTL/CMOS 
(Voo=5V) 


COMPARATOR, LATCH 


BUFFER 
ie 


~2.5V 


Sv wv 


TTL/CMOS THREE-STATE 
Woo=5¥) BUFFER 


ov 


TTL/CMOS 
INPUT 
(Wec=5V) 


> 


+ — —5V 


+5V 
| IN { \ ouT 
THREE-STATE 
+ BUFFER I 
COMPARATOR LATCH 
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TYPICAL APPLICATIONS 


TTLICMOS (Vcc = 5V) to + 10V/ — 5V Clock Driver 


TTL/CMOS 
(Voc=5¥) 


COMPARATOR + JOV TO = V, 


CLOCK DRIVER 


i 
2 
=x 


Logic Ground Isolation when Two Grounds are within LTC1045 Common-Mode Range 


SYSTEM A A SYSTEM B 


So LOGIC | 


tatty 


Be eget aetoce aye ee 


LT WEA 


LTC1045 


TYPICAL APPLICATIONS 


SV 


+ 5V Analog Switch Driver 


+ 5V 


+5V 


TTL 
OR CMOS 
LOGIC INPUTS 


+5V 


Py Coax Cable Driver/Receiver 


30 FT RG 174 


XMT QUT COAX CABLE 


RCV OUT (5V/DIV) 


RCV IN (1V/DIV) 


XMIT OUT (1V/ DIV) 


XMIT IN (5V/DIV) 


200ns/DIV 
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TYPICAL APPLICATIONS 


Logic Systems DC Isolation 


SYSTEM A SYSTEM B 


SYSTEM B 
POWER SUPPLY 


TTL OR CMOS CMOS OR TTL 


SYSTEM A 


POWER SUPPLY THREE-STATE CONTROL 


(1) SET V7 TO HALFWAY BETWEEN 
Vou AND Vo. OF SYSTEM A. 

(2) SHUNTS COMMON-MODE SIGNAL. 

(3) PROVIDES LEAKAGE PATH FOR TOTALLY 
ISOLATED SYSTEMS. 


SYSTEM A GND 


SYSTEM B GND 


RS232 Receiver 


5V 


30V—— 


—30V— 


*INPUTS HAVE NO INTERNAL 
PULL DOWN. IF INPUTS FLOAT 
EXTERNAL PULL DOWN MUST 
BE ADDED. 


LT Wie 10-37 


LTC1045 


TYPICAL APPLICATIONS 


24V Relay Supply from + 12V/ + 15V Supply LED Driver 


V+ (SV TO 15V) 


LOW TURNS LED ON 


TO LEDs 


0 re A 7 

r | 
2N2905 

| (USE HEAT SINK) | 
| u 2N2222 | 
jaa | 
| ae ee 
: R (ADJUSTS LED CURRENT) | 
Da Me a es = 
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TYPICAL APPLICATIONS 


Multi-Window Comparator and Display 


vt Sv 


Gl MV 57164* 


VinssV4+—2 

p= 100 (Veer Vi) 
Wa-Vo 

EACH WINDOW BETWEEN Vy AND V,_ 

EQUALS 1/10 (Vy—V,) 

(VH-V)20.5V y= 


*FOR LED CURRENT CONTROL SEE 
1101045 LED DRIVER 
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TYPICAL APPLICATIONS 


ECL to CMOS from Single +5V Supply 
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TYPICAL APPLICATIONS 


Power MOSFET Driver Low Power Consumption Stepper Motor Driver 


+Vu 


4 PHASE BIFILAR 
STEPPER MOTOR 


Pe eee Se 
! 
| 
| 


TTL STEPPER MOTOR 
PHASE SIGNALS 


boa 


BUZ71A 


MOTOR GND 


FULL STEP DRIVER (+5V <Vy< + 15V) 
® toy = 3RpC 
RpC =L/R LIS WINDING INDUCTANCE, 
R=Ryynping + 1s (ON)P +rps (ON) N 
ton] t Noo = Vm/Ry 
® [tf ao *VARISTOR GE ¥24ZA50 


“*FOR Vy 2 10V ADO 4700 IN SERIES 
~ WITH LTC1045 OUTPUTS. 
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PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


0.220 —0.310 
(5.588 — 7.874) 


0.290 —0.320 


nda 


0°-15° 


9.008 0.018 
(0.203 -0.487) 


0.385 + 0.025 
(9.779 ©0.635) 


0.300 - 0.320 
(7.620 —8.128) 


0.009 — 0.015 
{0.229 —0.381) 


+0.025 
—0.015 


(6.255 Ty g5i) 


0,325 


J20 Package Ceramic DIP 


1.060 


(26.924) 


0.025 
(0.635) 


0.015 —0.060 0.2 
(0.381 — 1.524) (5.080) 
; a MAX 


|, 0,080 0.080 


0.125, (2.032) 
(3.175) MAX 
MIN 


0.038 - 0.068 0.100 +0.010, 


(0-965 —1.727) (2.540 + 0.254) 254) 


0.014 — 0.026 


Is (0.356 — 0.660) 


(320188 


Timax Sia 
180°C 7O°CM 


N20 Package Molded DIP 


0.250 + 0.010 
{6.350 + 0.254) 


0.130 0,005 
(3.302 + 0.127) 
0.020 


(0.508) 


MIN 


0.045 -0.065, 
(1.143 = 1.651) 651) 0.100 + 0.010 
(2.540 + 0.254) 
0.065 + 0.015 0.018 0.003 
(1.651 40.381) (0.457 +0.076) N20188 
Timax ja 
T10°C [| 90°C 
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y Int Ne? \R LT1080/LT1081 


TECHNOLOGY Advanced Low Power 
5V RS232 Dual Driver/Receiver 


FEATURES DESCRIPTION 
# Absolutely No Latchup The LT1080 and LT1081 are the only dual RS232 driver/ 
= CMOS Comparable Low Power — 60mW receiver with charge pump to guarantee absolutely no 
= Superior to CMOS latchup. These interface optimized devices provide a real- 
- Improved Speed — Operates Over 64K Baud istic balance between CMOS levels of power dissipation 
- Improved Protection — Outputs Can be Forced and real world requirements for ruggedness. The driver 
to + 30V Without Damage outputs are fully protected against overload and can be 
- Three-State Outputs are High Impedance When Off shorted to + 30V. Unlike CMOS, the advanced architecture 
- Only Needs 1F Capacitors of the LT1080/LT1081 does not load the signal line when 
= Can Power Additional RS232 Drivers — 10mA “shut down” or when power is off. Both the receiver and 
® 4A Supply Current in Shutdown RS232 outputs are put into a Syince State. An 
® Available in SO Package advanced output enn igher capacitive 
= Available With or Without Shutdown loads : 20 exce 7 ruggedness 


oe 


APPLICATIONS Ec \ tel eee drivers and 5 receivers 
woe with ape e package see the LT1130 Series 


: ites elisa tae systorae 1 ersion of the LT1080(81, the LT1180 and 
he f which use only 0.1nF capacitors is also available. 


: ren cae ere™ _yise? a of oe Technology’s RS232 IC’s are available in 


a Modems standard surface mount packages. 


TYPICAL APPTICATION 


Supply Generator Outputs 


1pF 


1yF 


OUTPUT VOLTAGE {v) 


LOGIC 
INPUTS 


0 2 4 6 8 10 12 14 16 18 20 
OUTPUT CURRENT (mA) 


LOGIC 
OUTPUTS 
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LT1080/LT 1081 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage (Voc). ......ccceceeeseeeeeeeneenenees 6V TOP VIEW ORDER PART 
: : See eee ee eee ee ey Hy NU M BER 
Input Voltage LT1080MJ 
Dili seen cuannebonnkanebetie V~ to V+ LT10801J 
RECOWER: sn harder raeeranaw sine -30V to 30V LT10801N 
On-Off Pin... cece eect ener eee GND to 12V LT1080CJ 
Output Voltage Fat aioli LT1080CN 
DIiVGlicxi is couecne nae nahh V- +30V to V+ -—30V J PACKAGE N PACKAGE LT1080CS 
RECEIVEr. 0... 6. cece eee eee -0.3V to Voc + 0.3V agitate 
Short Circuit Duration Tap view 
Vt ids Sanaa Ohne seiltibewte re Samidae Sete oa 30 Seconds LT1081MJ 
Vc rtaaginndecianiacacdidan don aaanes 30 Seconds LT4081lJ 
Driver Output......... 0c ccc eee eee eee eee Indefinite LT10811N 
Receiver Output..............0cceee eee Indefinite RCI OUT LT1081CJ 
Operating Temperature Range LT1081CN 
LTI080MILT1081M 0.0... ceceeeeeeees ~ 55°C to 125°C a ea LT1081CS 
LTA0B0ULTIOB 1... sees eeeeees — 40°C to 85°C hee tke 
LTIOB0C/LTIOB1C. ........ ccc ea esse eens 0°C to 70°C TO-LEAD CERAMIC DIP aacxage LEAD PLASTIC DIP 
Lead Temperature (Soldering, 10 sec.)............ 300°C Arr 
ELECTRICAL CHARACTERISTICS (note) 
PARAMETER | CONDITIONS | MIN TYP MAX UNITS 
Driver 
Output Voltage Swing Load = 3k to GND Positive 7.3 Vv 
Both Outputs. Negative -6.5 V 
Logic Input Voltage Input Low Level (Voyr = High) 1.4 08 Vv 
Level Input High Level (Voy = Low) 14 7] 
Logic input Current Vin22.0V 5 20 i nA 
Vin <0.8V 5 20 pA 
Output Short Circuit Sourcing Current, Voyt = OV 12 mA 
Current Sinking Current, Vout = OV -12 mA 
Output Leakage Current SHUTDOWN (Note 2), Voyr = +30V e 10 100 nA 
Slew Rate R, = 3k0, C.=51pF 4 15 30 Vius 
Receiver 
Input Voltage Thresholds Input Low Threshold, LT1080C, LT1081C e 08 1.3 Vv 
LT10801, M/LT10811, M e 0.2 1.3 V 
Input High Threshold, LT1080C/LT1081C e V7 24 Vv 
LT10801, M/LT10811, M e 1.7 3.0 v 
Hysteresis e 0.4 1.0 Vv 
Input Resistance 5 7 Wie Ka 
Output Voltage Output Low, lou; = ~ 1.6mA 0.2 0.4 v 
Output High, lor = 160nA (Veg = 5V) 4.8 V 
Output Short Circuit Sinking Current, Vout = Voc -20 mA 
Current Sourcing Current, Voy7 =0V 1 mA 
Output Leakage Current SHUTDOWN (Note 2), 0V<Vours Voc 1 10 pA 
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LT1080/LT 1081 


a NN mal 


ELECTRICAL CHARACTERISTICS (ote 1) 


PARAMETER CONDITIONS | MIN TYP MAX UNITS 
Power Supply Generator (Note 3) 
V+ Output Voltage lout = OMA 8 9 v 
lour =10mA 7 8 V 
lour = 15mMA 6.5 75 Vv 
V— Output Voitage loyr = OmA | =75 -85 V 
lout = -10mA -§5 -6.5 V 
loyp= — 15MA -5 -6 V 
Supply Current e T 12 22 mA 
Supply Leakage Current (Vec) SHUTDOWN (Note 2) (LT1080 Only) e 1 100 pA 
On-Off Pin Current OV sVon.oFrs5V (LT1080 Only) e ~15 80 pA 
Supply Rise Time (Note 4) (LT1080 Only) i 1 ms 


The @ denotes specifications which apply over the operating temperature 
range (0°C<T,<70°C for commercial grade, — 40°C <T,<85°C for indus- 
trial grade or - 55°C <T, < 125°C for military grade devices). 

Note 1: These parameters apply for 4.5V< Vo <5.5V and Von.orF = 3V, 
unless otherwise specified. 


PIN FUNCTIONS (Pin numbers refer to LT1080) 


Voc (Pin 17): Input supply pin. Supply current drops to zero 
inthe SHUTDOWN mode. 


GND (Pin 16): Ground pin. 


On-Off (Pin 18): Controls the operation mode of the LT1080 
and is TTL/CMOS compatible. A logic low puts the device 
in the SHUTDOWN mode which reduces input supply cur- 
rent to zero and places both driver and receiver outputs 
in a high impedance state. A logic high fully enables the 
device. 


V+(Pin 3): Positive supply for RS232 drivers. V+ = 
2Vcc- 1.5V. Requires an external capacitor (>1,F) for 
charge storage. May be loaded (up to 15mA) for external 
system use. Loading does reduce V+ voltage (see 
graphs). Capacitor may be tied to ground or +5V input 
supply. With multiple transceiver, the V+ and V—- pins 
may be paralleled into common capacitors. 


V— (Pin 7): Negative supply for RS232 drivers. V- = 
~ (2Vcc - 2.5V). Requires an external capacitor (> 1pF) for 
charge storage. May be loaded (up to - 15mA) for external 
system use. Loading does reduce V— voltage (see 
graphs). With multiple transceiver, the V+ and V— pins 
may be paralleled into common capacitors. 


TR1 IN; TR2 IN (Pins 12, 11): RS232 driver input pins. Inputs 
are TTL/CMOS compatible. Inputs should not be allowed 
to float. Tie unused inputs to Vcc. 


owen 


Note 2: Von.orF = 0.4V for - 55°C <T, = 100°C, and Voy.oFF = 0.2V for 
100°C <T, < 125°C. (LT1080 only) 

Note 3: Unless otherwise specified, Vog = 5V, external loading of V+ and 
V~ equals zero and the driver outputs are low (inputs high), 

Note 4: Time from either SHUTDOWN high or power on until V+ 26V and 
V~ < -6V. All external capacitors are 1)F. 


TR1 OUT; TR2 OUT (Pins 15, 8): Driver outputs with RS232 
voltage levels. Outputs are in a high impedance state 
when in the SHUTDOWN mode or when power is off 
(Vcc =0V) to allow data line sharing. Outputs are fully 
short circuit protected from V- +30V to V+ -20V with 
power on, off, or in the SHUTDOWN mode. Typical output 
breakdowns are greater than +45V and higher applied 
voltages will not damage the device if moderately current 
limited. Shorting one output will affect output from the 
other. 


REC1 IN; REC2 IN (Pins 14, 9): Receiver inputs. Accepts 
RS232 voltage levels (+ 30V) and has 0.4V of hysteresis to 
provide noise immunity. Input impedance is nominally 
5k. 


REC1 OUT; REC2 OUT (Pins 13, 10): Receiver outputs with 
TTLICMOS voltage levels. Outputs are in a high 
impedance state when in the SHUTDOWN mode to allow 
data line sharing. Outputs are fully short circuit protected 
to ground or Vcc with power on, off, or in the SHUTDOWN 
mode. 


Ci+;C1—-;C2+; C2— (Pins 2, 4, 5, 6): Requires an ex- 
ternal capacitor (> 1F} from C1+ to C1— and another 
from C2+ to C2—. Pin 2 can be used for connecting a 
second positive supply. When a separate positive supply 
is used, C1 can be deleted. 
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LT1080/LT108) 


TYPICAL PERFORMANCE CHARACTERISTICS 


Driver Output Voltage 
Desay frie [ 


DRIVER OUTPUT VOLTAGE (V) 


-~55 -25 0 tis) 125 
TEMPERATURE (°C) 


Receiver Input Thresholds 


3.00 
2.75 
2.50 
2.25 


8 


1.75 
1.50 
1.25 
1.00 
0.75 
0.50 


INPUT THRESHOLD (V) 


-55 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 
On-Off Pin Thresholds 


ON-OFF PIN VOLTAGE (V) 


Reis 


FF VOLTAGE 


—-55 -25 0 2 50 75 100 125 


TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


OUTPUT CURRENT (mA) 


Supply Generator Outputs 


1 ere) 
8 PSR ae 
6 
4 
2 
0 
-2 
-4 
-6 
—8 
-10 
0 2 4 6 8 10 12 14 16 18 20 
OUTPUT CURRENT (mA) 
Receiver Output Short 
Circuit Current 
100 
OUTPUT SINKING 
10 =e 
=== 
; OUTPUT SOURCING 
0.1 


-55 -25 0 2 60 75 100 125 


TEMPERATURE (°C) 


Supply Current in Shutdown 


Supply Generation from Voc 


or Shutdown 
10 
8 V+ SUPPLY 
6 Veco =5V 
C1-C4=1pF 
= Pot i} ft R= 4,7k:Vt TOV 
s 4 RU=4.7k;V+ TOV 
we2 
2 
2 0 
a 
ze? 7 [ 
B-4 
—6 
-8 
V— SUPPLY 
—10 
0 0.2 0.4 0.60.8 1.0 1.2 14 1618 20 
TIME (ms) 
On-Off Pin Current vs Voltage 
40 I 
35 
30 
= 25 
& 20 } 
w 
= 15 
Oo 
& 10 
2 
2 5 + 
: | 
-5 
—10 
0 1 2 3 4 5 
INPUT VOLTAGE (V) 
Driver Output Leakage 
in Shutdown 


-2 0 25 50 75 «100 «125 
TEMPERATURE (°C) 


GUTPUT LEAKAGE CURRENT (uA) 


‘-55 -25 0 2 50075 100 125 
TEMPERATURE (°C) 
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LT1080/LT 1081 


cic renee 


TYPICAL PERFORMANCE CHARACTERISTICS 


Shutdown to Receiver 
Output Waveforms Shutdown to Driver Output Output 
ORIVER ! ie * 
“QUTPUTHIGH RECEIVER J 4V 
OUTPUT {. : Sats OUTPUT } av 
ov = 
amt QUIPUT LOW : 
ON-OFF { 5V 
INPUT { INPUT | OV 


0 2us 4ps Gus Sys 


TYPICAL APPLICATION 


Supporting an LT1039 (Triple Driver/Receiver) 


RS232 OUT 
RS232 OUT RS232 OUT 


RS232 OUT 


RS232 IN 


RS232 IN 


“IN APPLICATIONS WHERE A SEPARATE SECOND POSITIVE SUPPLY IS AVAILABLE (SUCH AS +5V 
AND +12V), THE +12V SUPPLY MAY BE CONNECTED TO PIN 2 AND C1 DELETED. THE POWER 
SUPPLY CIRCUITRY WILL THEN INVERT THE +12V SUPPLY. THE +5V SUPPLY 1S STILL NEEDED 
TO POWER THE BIASING CIRCUITRY AND RECEIVERS. 
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LT1080/LT 1081 


APPLICATION HIATS 


The driver output stage of the LT1080 offers significantly Placing the LT1080 in the SHUTDOWN mode (Pin 18 low) 
improved protection over older bipolar and CMOS designs. puts both the driver and receiver outputs in a high 
In addition to current limiting, the driver output canbe ex- impedance state. This allows data line sharing and 
ternally forced to + 30V with no damage or excessive cur- _transceiver applications. 

rent flow, and will not disrupt the supplies. Some drivers : 

have diodes connected between the outputs and the sup. The SHUTDOWN mode also drops input supply current 
plies, so externally applied voltages can cause excessive (Vcc; Pin 17) to zero for power-conscious systems. 


supply voltage to develop. 
LT1080/LT1081 Driver Transceiver 
(71080 #1 
= >O | | OY ORIVER 
OUTPUT CAN —30V LOGIC RS232 
BE FORCED TRANSMIT/RECEIVE E > TRANSMIT/RECEIVE 
EXTERNALLY LINE UNE 


(T1080 #2 
RECEIVER 


Older RS232 Drivers and CMOS Drivers 


vt 
WITH SOME DRIVERS. 
EXTERNALLY APPLIED 
VOLTAGE CAN FORCE 
THE SUPPLIES LOGIC 
ON-OFF INVERTER 
y- {TRANSMIT/ 
RECEIVE) 
INPUT 
Sharing a Receiver Line Sharing a Transmitter Line 
11080 #1 {T1080 #1 
RECEIVER DRIVER 


RS232 
INPUT A 


LOGIC 
INPUT A 


LT1080 #2 
RECEIVER 


(11080 #2 
DRIVER 


RS232 
INPUT B 


LOGIC LOGIC 


OUTPUT INPUT B LINE 


LOGIC LOGIC 


ON-OFE INVERTER ON-OFF INVERTER 
(CHANNEL (CHANNEL 


SELECT) SELECT) 
INPUT INPUT 
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APPLICATION HINTS 


When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other active re- 
ceiver on the line, a 51k resistor can be placed from the 
logic input to V¢¢ to force a definite logic level when the 
receiver output is in a high impedance state. 


11080 
RECEIVER 


RS232 
INPUT 


“FORCES LOGIC INPUT STATE 


ON-OFF WHEN Vow-oFE IS LOW 


{INPUT 
To protect against receiver input overloads in excess of 
+0V, a voltage clamp can be placed on the data line and 
still maintain RS232 compatibility. 
RECEIVER 


RS232 WY 
INPUT 


*A PTC THERMISTOR WILL 
ALLOW CONTINUOUS OVERLOAD 
OF GREATER THAN + 100V = = 


LT1080/LT 1081 


The generated driver supplies (V+ and V —) may be used 
to power external circuitry such as other RS232 drivers or 
op amps. They should be loaded with care, since exces- 
sive loading can cause the generated supply voltages to 
drop causing the RS232 driver output voltages to fall be- 
low RS232 requirements. See the graph “Supply Generator 
Outputs” for a comparison of generated supply voltage 
versus supply current. 


{71080 EXTERNAL OP AMP 


TYPICAL APPLICATION 


Operating with 5V and 12V 


LOGIC 
INPUTS 
Logic 
OUTPUTS 


ON-OFF: 


*PIN ONE USED 
ON LT1081. 


RS232 OUTPUT 


RS232 OUTPUT 


RS232 INPUT 


RS232 INPUT 


Fagus,” 
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LT1080/LT 1081 
PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


J16 Package Ceramic DIP 


0.160 0.200 
9.290-0.320 = 
(4.064), £5,080) 
7-83) MAX i 


9200-0310. 
(5.588 - 7.647) 


0.008 — 0.038 — 0.068. 
(0203-0460) O.125 (2.030) (0.965 —1.727) 
3175) 
MIN 
0.100 + 0.010 0.014—0.026 


25020254) (0360.66) 


ayo 


0.3854.0.025 
(9.778 + 0.635) 


N16 Package Plastic DIP 


0.065 
8.300-0.320 0.130 0.005 0.045 0.065 _y ten 
(7.620—8 128) (3302 £0127) (1143 ~ 1.651) TYR 
9.020, f 4 
0.260 40.010 om 
(6.2502 0.754) o ft 


0.009-0.055 [0.045 20.015 pi | 0.018:+ 0.003 
(0.229--0.381) (3.175), (1-143 20.381) Wars 0.076) 
+0.025 wu 
om 9.10020.010 _, | 
(2540 0.254) 
wini00 
0.290-0.320 2.160 
7368-8 128) (06h 0.038 -0.068 : 
- 1) MAX {0 965— 1.727) | 
Tt i 
0.220-0.310 
GBO-7.879) a 
0.008-0.018 9 24 | 
0° — 15° (0203-0460) we 
0.385 40.025 cl 0.014 -0.026 
fa Saszcers le | 0.125 
te i R 0.10020.010 ol (0.380 0.660) 175) 
{25405 0.254) aa 


N18 Package Plastic DIP 


9.200--0.320 0.065 
17.620-6 128) i657) 2.045 - 0.065 
f (1143-1651) 


9.1304 0.005 10.508) 


0.250 20.010 (3302+0.127) 
16.950 0.254) Te 


$528, a] Lspam 

= 2 Sax 0-254] 

Thies 0.045 20.015 ql 0.01240.008 
0.928 “9.015 i113 20.280) (0.457 40.076) 
(a 

= 0.381 oy 


LT10Q0CNIIN 
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LINEAR 


FEATURES 


™ Operates on Single 5V Power Supply 

= Generates + 9V Supplies with Only 1,F Capacitors 
= Fully Protected Against Output Overloads 

= RS232 Outputs can be Forced + 30V without Damage 
® Three-state Outputs are High Impedance when Off 
® Bipolar Circuitry; No Latch Up 

@ + 30V Receiver Input Range 

® Can Power Additional RS232 Drivers such as LT1039 
® No Supply Current in Shutdown 

= Meets All RS232 Specifications 

= 16 Pin Version without Shutdown Available 


APPLICATIONS 


= RS232 Interface 

= Battery Powered Systems 

= Power Supply Generator ot 
= Terminals 


RS232 OUTPUT 


LOGIC 
INPUTS 


RS232 OUTPUT 


RS232 INPUT 


LOGIC 
OUTPUTS 


RS232 INPUT 


poe 


LTIO8OCS/LT1081CS 


5V Powered RS232 Driver/ 
Receiver with Shutdown 


DESCRIPTION 


The LT1080 is a dual RS232 driver/receiver which includes 
a Capacitive voltage generator to supply RS232 voltage 
levels from a single 5V supply. Each receiver will accept 
up to +30V input and can drive either TTL or CMOS logic. 
The RS232 drivers accept logic inputs and output RS232 
voltage levels. The driver outputs are fully protected 
against overload and can be shorted to ground or up to 
+30V without damage. Additionally, when the system is 
in the SHUTDOWN mode the driver and receiver outputs 
are at a high impedance allowing data line sharing. Bipo- 


lar circuitry makes this eS eae exceptionally 
rugged against “er mage 


of WA ator do e 5V input supply 
oF , and ec obtain ~8.5V. Up 
mA gs We available to power additonal 


re aon! circuitry. The SHUTDOWN 
io the supply generators and reduces input 
iy current to zero. A version of the LT1080, the LT1081, 


= Modems cer at? ep? is available without shutdown for 16 pin applications. 
TYPICAL omiin 


Supply Generator Outputs 


OUTPUT VOLTAGE (V) 


0 2 4 6 8 10 12 14 16 18 20 
OUTPUT CURRENT (mA) 


LI WHER 
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LTIO8O0CS/LT1081CS 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Voc)... ccc cceeceeee eee eeeenneenees 6V 
Vit saeadunrenenerccatinaemin te whee tae meted 12V 
Vien sdiae ons nipaievanaeotaan dy aavthen abides cleus -12V 
Input Voltage 

0) 1) Aid bates V- to Vt 

Receiver..... ee Meas iuanehen ieee -30V to 30V 

On-Off Pin............ ideale werent GND to 12V 
Output Voltage 

DriVOl esc crn tdeaatetetieries V- +30V to V+ -30V 

Receiver. ....... cc cece eee enee -0.3V to Voc + 0.3V 
Short Circuit Duration 

VPs ataieais sae heaaane tania wha thawte 30 Seconds 

Ver aceGaae hy tynk whanintien Lees esunay oi 30 Seconds 

Driver Output........ 0... cece eee eee eee Indefinite 

Receiver Output.......... oan nmikeee Rens Indefinite 
Operating Temperature Range 

LTAQBOC ee citeniicniecsseaceiaactees 0°C to 70°C 

Guaranteed Functional............... — 25°C to 85°C 
Lead Temperature (Soldering, 10 sec.)............ 300°C 


PACKAGE/ORDER INFORMATION 


TOP VIEW 


ORDER PART 
NUMBER 


LT1080CS 
[13] REC1 OUT 


REC2 OUT 


$18 PACKAGE 
PLASTIC SOL 


TOP VIEW 


Po) REC2 OUT 


LT1081CS 


S16 PACKAGE 
PLASTIC SOL 


ELECTRICAL CHARACTERISTICS (note 1) 


PARAMETER CONDITIONS MIN TYP MAX UNITS 
Driver 
Output Voltage Swing Load = 3k to GND Positive C) 5.0 73 Vv 
Both Outputs. Negative e -5.0 -6.5 Vv 
Logic Input Voltage Input Low Level (Voy; = High) e 1.4 0.8 V 
Level Input High Level (Voyr = Low) e 2.0 1.4 v 
Logic Input Current Vin22.0V e 5 20 pA 
Vin 0.8V e 5 20 pA 
Output Short Circuit Sourcing Current, Voyt = OV 7 12 mA 
Current Sinking Current, Vout = OV -7 ~12 mA 
Output Leakage Current SHUTDOWN (Note 2), Voyr= +30V e 10 100 pA 
Stew Rate Ry = 3kQ, C, = 51pF 4 15 30 Vips 


Receiver 
Input Voltage Thresholds 


Input Low Threshold, (Vout = High) 
Input High Threshold, (Voyr = Low) 


Hysteresis 


Input Resistance 


Output Voltage 


Output Short Circuit 
Current 


Output Leakage Current 


Output Low, loyr= — 1.6mA 
Output High, lout = 16044 (Voc = SV) 
Sinking Current, Vout = Voc 
Sourcing Current, Voyy = OV 


SHUTDOWN (Note 2), OV<Voyr Voc 


1 10 pA 
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LT1IO08OCS/LT1081CS 


ELECTRICAL CHARACTERISTICS (ote 1) 


PARAMETER [| conomons Teas 


Power Supply Generator (Note 3) 
V* Output Voltage 


loyr = OmA 
lout =10mA 
loyr = 15mA 
lour= OmA 
lour= — 10mA 
lour= - 15mA 


V~- Output Voltage 


Supply Current 
Supply Leakage Current (Vcg) 
On-Off Pin Current 

Supply Rise Time 


(Note 4) 


The @ denotes specifications which apply over the operating temperature 
range (0°C- <T, <70°C). The LT1080/LT 1081 is guaranteed functional by de- 
sign for - 25°C sT, <85°C. 

Note 1: These parameters apply for 4.5V < Vog <5.5V and VonoFe = 3V, 
unless otherwise specified. 


SHUTOOWN Note (TORO Oni — 
OV<VonarFs5V_(LT1080 Only) 


ae a5 75 
-75-B5 
“85-85 


Note 2: Von Orr = 0.4V. (LT1080 only) 

Note 3: Unless otherwise specified, Voc = 5V, external loading of V+ and 
V~ equals zero and the driver outputs are low (inputs high). 

Note 4: Time from bey SHUTDOWN high (LT1080 only) or power on until 
V+ =6V and V~ < -6V. All external capacitors are 1pF. 


a SS 


PIN FUNCTIONS 


Voc (Pin 17): Input supply pin. Supply current drops to zero 
in the SHUTDOWN mode. 


GND (Pin 16): Ground pin. 


On-Off (Pin 18): Controls the operation mode of the LT1080 
and is TTL/CMOS compatible. A logic low puts the device 
in the SHUTDOWN mode which reduces input supply cur- 
rent to Zero and places both driver and receiver outputs 
in a high impedance state. A logic high fully enables the 
device. 


V+(Pin 3): Positive supply for RS232 drivers. V+ ~ 
2Vcc- 1.5V. Requires an external capacitor (>1,F) for 
charge storage. May be loaded (up to 15mA) for external 
system use. Loading does reduce V+ voltage (see 
ge 


— (Pin 7): Negative supply for RS232 drivers. V— = 

Wee 2.5V). Requires an external capacitor (> 1,F) for 
charge storage. May be loaded (up to — 15mA) for external 
system use. Loading does reduce V— voltage (see 
graphs). 


TR1 IN; TR2 IN (Pins 12, 11): RS232 driver input pins. Inputs 
are TTL/CMOS compatible. Inputs should not be allowed 
to float. Tie unused inputs to Voc. 


TRi OUT; TR2 OUT (Pins 15, 8): Driver outputs with RS232 
voltage levels. Outputs are in a high impedance state 
when in the SHUTDOWN mode or when power is off 
(Vcc=0V) to allow data line sharing. Outputs are fully 
short circuit protected from V~ +30V toV+ -30V with 
power on, off, or in the SHUTDOWN mode. Typical output 
breakdowns are greater than +45V and higher applied 
voltages will not damage the device if moderately current 
limited. 


REC1 IN; REC2 IN (Pins 14, 9): Receiver inputs. Accepts 
RS232 voltage levels (+ 30V) and has 0.4V of hysteresis to 
provide noise immunity. Input impedance is nominally 
5k0. 


RECt OUT; REC2 OUT (Pins 13, 10): Receiver outputs with 
TTL/CMOS voltage levels. Outputs are in a high 
impedance state when in the SHUTDOWN mode to allow 
data line sharing. Outputs are fully short circuit protected 
to ground or Vcc with power on, off, or in the SHUTDOWN 
mode. 


C1+;C1—;C2+; C2— (Pins 2, 4, 5, 6): No user applica- 
tions. Requires an external capacitor (> 1,F) from C1+ to 
C1 — and another from C2 + toC2-. 
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TECHNOLOGY 


FEATURES 


= Absolutely No Latchup 
= CMOS Comparable Low Power — 80mW 
= Operates from a Single 5V Supply 
= Superior to CMOS 
- Easy PC Layout — Flow Through Architecture 
- Improved Speed — Operates Over 64K Baud 
- Improved Protection — Outputs Can be Forced 
to + 30V Without Damage 
~- Three-State Outputs are High Impedance When Off 
- Only Needs 1.F Capacitors 
- Output Overvoltage Does Not Force Current Back Into 
Supplies 
= 1yA Supply Current in Shutdown 
@ Available in SO Package 


DRIVER OUT 
RX IN 

To | ORIVER OUT 
LINE RX IN 
ORIVER OUT 
RX IN 
DRIVER OUT 
RX IN 


att) 
LOGIC 


T1130 5-Driver/5-Receiver RS232 Transceiver 

LT1131 5-Driver/4-Receiver RS232 Transceiver wiShutdown 
LT1132 5-Driver/3-Receiver RS232 Transceiver 

LT1133 3-Driver/5-Receiver RS232 Transceiver 

LT1134 4-Driver/4-Receiver RS232 Transceiver 

LT1135 5-Driver/3-Receiver RS232 Transceiver w/o Charge Pump 


LT1130 Series 


Advanced Low Power 
5V RS232 Drivers/Receivers 
with Charge Pump 


DESCRIPTION 


The LT1130 Series are the only RS232 drivers/receivers 
with charge pump to guarantee absolutely no latchup. 
These interface optimized devices provide a realistic bal- 
ance between CMOS levels of power dissipation and real 
world requirements for ruggedness. The driver outputs are 
fully protected against overload and can be shorted to 
+30V. Unlike CMOS, the advanced architecture of the 
LT1130 does not load the signal line when “shut down” or 
when power is off. Both the receiver and RS232 outputs 
are put into a high impedance state. An advanced output 
loads at higher 


Ss. 


stage allows driving higher ong 
speeds with conegte 
For app ow. ring onl s and 2 receivers 
ye ok pump in o fe the LT1180 Series 
a All ology’s RS232 iC’s are avail- 
hi ce mount packages. 
wae P 


Output Waveform 


DRIVER 
OUTPUT 


RECEIVER 
OUTPUT 


INPUT 


EB 
i 
: 


LT1136 4-Driver/5-Receiver RS232 Transceiver w/Shutdown 
LT1137 3-Driver!5-Receiver RS232 Transceiver w/Shutdown 
LT1138 5-Driver/3-Receiver RS232 Transceiver w/Shutdown 
LT1139 4-Driver/4-Receiver RS232 Transceiver wiShutdown 
LT1140 5-Driver/3-Receiver RS232 Transceiver wio Charge Pump 
LT1141 3-Driver/5-Receiver RS232 Transceiver w/o Charge Pum, 


were 
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LT1130 Series 
ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Voc) ......ccceeeeseeeeeeeee eee enone 6V_— Short Circuit Duration 

Wc cclscciceraa'eaied daleiloSa's seas Su0aWReNNaNWace nates 13.2V VE Ae nina dave tits vein eles 30 Seconds 

VF cdsta le casccanteraun sevais nye auetteeaeds Demerwes ts -13.2V Vai ccineainint tee Si Ronwne vatemona tedite 30 Seconds 

Input Voltage Driver Output .........0.:ceceseeeeeeeeeeenes Indefinite 
DIINO scics ose Speen cececat ssa suothan cedctaees V- toV+ Receiver Output ............ccccceeeeee renee indefinite 
ROCGIVEl... cv unccecivan vase severed adees -30Vi030V Operating Temperature Range 
ON-Off Pid... cc eceeeee eee eeeeeeeeeaeeeas GND to 12V Military (LT113XM/LT114XM) ........... — 55°C to 125°C 

Output Voltage Industrial (LT113XULT114X1) ........0088 — 40°C to 85°C 
DiWGlicisitaiaig tine ieteneeen’ V~- +30V toV+ -30V Commercial (LT113XC/LT114XC) 0... eee 0°C to 70°C 
RECEIVE. ..... cc cscs eee eee e ee ees -0.3V to Veco + 0.3V 

ee 

PRODUCT SELECTION TABLE 

PartNumber [Power Supply Voltages’ | Shutdown | Drivers | Recelors | Extomel Components 

mo fT Tapas 

rat a 

mf SSCSSC“‘“NC Tapas 

cr 

a SO Co 

i SO 

Co 

urna? ve [8 | 5 «| ——_— Capacitors 

i a 4 Capacitors 

TE a ES OS 2 Capacitor 

AS 

una [45em-e | ve | 3 | 8 | None 

*The LT1130, LT1131, LT1132, LT1133, 111134, T1136, LT1137, and LT 1138 can operate with +5V and + 12V supplies and two external capacitors. 

PACKAGE/OARDER INFORMATION 


LT1130MJ 
LT1130CJ 
LT11300N 
LT11301J 
LT11301N 
LT1130CS 


ORDER PART 
NUMBER 


LT1131MJ 
LT1131CJ 
LT1131CN 
LT41311J 
LT1131IN 
LT1131C8 


LT HEB 


LT1130 Series 


PACKAGE/ORDER INFORMATION 


5-DRIVER/3-RECEIVER 


TOP VIEW 


c~ Gy 
priver our [5} O< F120] DRIVER IN 
DRIVER OUT cL —peta RX OUT 

Hoy DaWvER 

os 

i >o 
Hr 
eal 

N PACKAGE 


24-LEAD PLASTIC DIP 
(.300” WIDE) 


O<}/2)] DRIVER IN 


PACKAGE 
24-LEAD CERAMIC DIP 

(-300" WIDE) $ PACKAGE 
24-LEAD PLASTIC SOL 

(.300 " WIDE) 


4-DRIVER/4-RECEIVER 


TOP VIEW 


wy, 
Toa DRIVER IN 


rps 


opie} 


S PACKAGE 
24-LEAD PLASTIC SOL 
(.300* WIDE) 


4-DRIVER/5-RECEIVER WITH SHUTDOWN 


TOP VIEW 


J PACKAGE 
24-LEAD CERAMIC DIP 
(.300” WIDE) 


N PACKAGE 
24-LEAD PLASTIC DIP 
(.300” WIDE) 


PACKAGE 
28-LEAD CERAMIC DIP 


28-LEAD PLASTIC DIP 
{.600” WIDE) WIDE) 


S PACKAGE (600" 
28-LEAD PLASTIC SOL 
(.600" WIDE} 


ORDER PART 
NUMBER 


LT1132MJ 
LT1132CJ 
LT1132CN 
LT1132lJ 
LT1132IN 
LT1132CS 


LT1134MJ 
LT1134CJ 
LT1134CN 
LT1134lJ 
LT1134IN 
LT1134CS 


LT1136MJ 
LT1136CJ 
LT1136CN 
LT11361J 
LT1136IN 
LT1136CS 


3-DRIVER/S-RECEIVER 


TOP VIEW 


, 
a DRIVER IN 
ORIVER OUT et Peta QX OUT 
RX IN [6] ° 


H —e<ta DRIVER IN 
DRIVER OUT oH Dota RX OUT 
HPs 
AX IN Bt fa RX OUT 


AX IN <3 DRIVER IN 
ORIVER OUT a} “— 


N PACKAGE 
24-LEAD PLASTIC DIP 
{.300" WIDE) 


J PACKAGE 
24-LEAD CERAMIC DIP 


(3007 WIDE) S PACKAGE 


24-LEAD PLASTIC SOL 
(.300” WIDE) 


5-DRIVER/3-RECEIVER 
WITHOUT CHARGE PUMP 
TOP VIEW 


oP, 
[20} —12v v~ 


5V Vcc [2] O< 15] ORIVER tN 
DRIVER OUT at —o<ta DRIVER IN 
DRIVER OUT ey pot RX OUT 
RX IN EH —< Aha DRIVER iN 
DRIVER OUT BH, <a DRIVER tN 
RX IN Bt} otf ORIVER IN 
DRIVER OUT ato} ei RX OUT 


J PACKAGE 
20-LEAD CERAMIC DIP 


(.300* WIDE) KAGE (.300* WIDE) 


20-LEAD PLASTIC SOL 
(.300° WIDE) 


ORDER PART 
NUMBER 


LT1133MJ 
171133CJ 
LT1133CN 
LT1133ld 
LT11331N 
LT1133CS 


LT1135MJ 
LT1135CU 
LT1135CN 
LT1135ld 
LT11351N 
LT1135CS 


N PACKAGE 
20-LEAD PLASTIC DIP 


S-DRIVER/S-RECEIVER WITH SHUTDOWN 


v+ 
5V Veo 
cit 
ci- 
DRIVER OUT 
AX in [6 } 
DRIVER OUT 
RX IN 


DRIVER OUT 
RX IN 
ON/OFF 


N PACKAGE 
28-LEAD PLASTIC DIP 
(600° WIDE) 


J PACKAGE 

28-LEAD CERAMIC DIP 
(600° WIDE) S PACKAGE 

28-LEAD PLASTIC SOL 
(.600" WIDE) 


LT1137MJ 
LT1137CJ 
LT1137CN 
LT11371J 
LT11371N 
LT1137CS 


LT1130 Series 


PACKAGE/ORDER INFORMATION 


5-DRIVER/3-RECEIVER WITH SHUTDOWN ORDERPART | 4DRIVERM4-RECEIVER WITH SHUTDOWN ORDER PART 
ure NUMBER WITH +12V AND +5V SUPPLIES NUMBER 


TOP VIEW 
TW 


111139 


ere LT1138MJ LT1139MJ 
DRIVER IN LT1138CJ LT1139CJ 
ax OUT LT1138CN pitt . LT1139CN 
PRNER IN 17113810 DRIVER IN LT 11391) 
be LT11381N ax our LT11391N 


DRIVER IN LTH11 38CS DRIVER IN LT11 39CS 


RX OUT 
RX OUT 


DRIVER IN 

DRIVER iN 
GROUND 

RX OUT 


GROUND 


J PACKAGE N PACKAGE J PACKAGE N PACKAGE 
28-LEAD CERAMIC DIP ——_§ PACKAGE 28-LEAD PLASTIC DIP 24-LEAD CERAMIC DIP S PACKAGE -24-LEAD PLASTIC DIP 
(600” WIDE) —28-LEAD PLASTIC SOL 600" WIDE} (300° WIDE) ——24-LEAD PLASTIC SOL_——{.300" WIDE) 
(.600” WIDE) (.300” WIDE) 
5-DRIVER/3-RECEIVER 3-DRIVER/5-RECEIVER 
WITHOUT CHARGE PUMP WITHOUT CHARGE PUMP 


—- LT1140MJ _ LT1141MJ 


oe Pe suk LTH41CJ 
o<] DRIVER IN LT11400N RX OUT LT1141CN 
O<F12)] DRIVER IN LT11401J a LT1141lJ 

mcout LT11401N RX OUT L71141 IN 


ae LT1140CS eng LTMN41CS 


DRIVER IN RX OUT 
RX OUT ORIVER IN 
DRIVER IN AX OUT 
RX OUT RX OUT 
GROUND | GROUND 


J PACKAGE N PACKAGE 4 PACKAGE N PACKAGE 
24-LEAD CERAMIC DIP ——_§ PACKAGE 24-LEAD PLASTIC DIP 24-LEAD CERAMIC DIP ig paCkAGE 24-LEAD PLASTIC DIP 
(300° WIDE) patean PLASTiC sot, _—¢-300" WIDE) (300° WIDE) 4,EAp PLASTIC SOL. —=(.300” WIDE) 
(300° WIDE) (300 WIDE) 


For 2-Driver/2-Receiver devices, see LT1080/81 and LT1180/81 data sheet. 


ELECTRICAL CHARACTERISTICS (note 1) 
PARAMETER | ~—S——~—~S~CSONDITIONS—_— ‘esd MIN TYP MAX UNITS 


Any Driver 
Load = 3k to GND Positive 
Negative 


Output Voltage Swing 
Input Low Level (Voy; = High) 
Input High Level (Voyr = Low) 


0.8V<Viy<2.0V 


Logic input Voltage 
Level 


Logic Input Current 
Output Short Circuit Current 
Output Leakage Current 

Slew Rate 


10-58 LT Wee 


R= 3k0, C_=51pF 


LT1130 Series 


ELECTRICAL CHARACTERISTICS (note 1) 


PARAMETER 
Any Recelver 
Input Voitage Thresholds 


Hysteresis 
Input Resistance 
Output Voltage 


(ie Low, loyr= - 1.6mA 


Output Short Circuit 
Current 


Output Leakage Current 
Power Supply Generator 


V* Output 
V7 Output 


Supply Current 
Supply Leakage Current 


Supply Rise Time 
On/Off Pin Current 


The @ denotes the specifications which apply over the full operating temp- 
erature range. (0°C <T, <70°C for commercial grade, ~ 40°C <T, <85°C for 
industrial grade, and - 55°C-<T, = 125°C for military grade). 

Note 1: Testing done at Vog = 5V and Voyore = 3V 


Input Low Threshold, (Voy; = High) 
Input High Threshold, a Low) 


Output High, lour= 160A (Veg = 5V) 


Sinking Current, Voyt = Voc = 
Sourcing Current, Voy =0V 


SHUTDOWN (Note 2), OV<Voyrs Voc 


SHUTDOWN To Tum On 
SHUTDOWN, OV <Vonorrs5V 


a — 55°C sT, < 125°C 
SHUTDOWN, 0°C-<T,<70°C 


Note 2: Vowoprs0.1V 


Note 3: For LT1139, 40, and 41 with 12V supplies, Voyr leakage is 200,A and 
Vour|s forced to + 25V. 


PIN FUNCTIONS 


Vcc: Input supply pin. Supply current drops to zero in the 
SHUTDOWN mode. 


GND: Ground pin. 


OnlOff: Controls the Operation mode of the device and is 
TTL/CMOS compatible. A logic low puts the device in the 
SHUTDOWN mode which reduces input supply current to 
zero and places both driver and receiver outputs in a high 
impedance state. A logic high fully enables the device. 


V+: Positive supply (RS232 drivers). V+ ~ 2Voc-1.5V. 
Requires an external capacitor (> 1nF) for charge storage. 
Capacitor may be tied to ground or +5V input supply. V + 
voltage is short circuit proof for 30 seconds. With multiple 
transceivers, the V+ and V— pins may be paralleled into 
common capacitors. 


V —: Negative supply (RS232 drivers). V — = -(2Vc¢c¢-2.5V). 
Requires an external capacitor (> 1nF) for charge storage. 


Loading does reduce V — voltage. V— is short circuit proof 
for 30 seconds. With multiple transceivers, the V + and V— 
pins may be paralleled into common capacitors. 


DRIVER IN: RS232 driver input pins. Inputs are TTL/CMOS 
compatible. Inputs should not be allowed to float. Tie 
unused inputs to Voc. 


DRIVER OUT: Driver outputs with RS232 voltage levels. 
Outputs are in a high impedance state when in the SHUT- 
DOWN mode or when power is off (Voc = OV) to allow data 
line sharing. Outputs are fully short circuit protected from 
V— +30V to V + - 30V with power on, off, or in the SHUT- 
DOWN mode. Typical output breakdowns are greater than 
+45V and higher applied voltages will not damage the 
device if moderately current limited. Although the outputs 
are protected, short circuits on one output can load the 
power supply generators disrupting the signal level from 
other outputs. 
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LT1130 Series 


RX IN: Receiver inputs. Accepts RS232 voltage levels 
(+30V) and has 0.4V of hysteresis to provide noise 
immunity. Input impedance is nominally 5kQ. 


RX OUT: Receiver outputs with TTL/CMOS voltage levels. 
Outputs are in a high impedance state when in the SHUT- 
DOWN mode to allow data line sharing. Outputs are fully 
short circuit protected to ground or Vcc with power on, off, 
orin the SHUTDOWN mode. 


C1+;C1—;C2+; C27: Requires an external capacitor 
(=n) from C1 + toC1— and another from C2+ toC2-. 
In applications where larger positive voltages are avail- 
able, such as + 12V, C1 can be eliminated and the positive 
voltage connected directly to the G1 + terminal. 


a 


TYPICAL PERFORMANCE CHARACTERISTICS 


Supply Generation from Vcc 


Driver Output Voltage 


DRIVER OUTPUT VOLTAGE (V) 


10 
-55 —25 2 50 75 
* TEMPERATURE (° C) 


100 | 125 


Receiver Output Short 
Circuit Current 


OUTPUT CURRENT (mA) 


0.1 
-55 -25 0 2 80 75 
TEMPERATURE (°C) 


or Shutdown Receiver Input Thresholds 
10 3.00 
+ SUPPI 
8 V+ SUPPLY 275 L 
6 2.50 + 
4 S 2.25 T 
= a INPUT HIGH 
w 2 2 2.00 + 
§ z 
a a w 1.75 
= = 
B-2 5 10 
a4 & 1.25 INPUT LOW 
—6 1.00 
-8 0.75 + 
V~ SUPPLY 7 
—10 0.50 
0 02 04 0608 10 1.2 14 1618 2.0 —55 -25 0 2 50 75 «100-125 
TIME (ms) TEMPERATURE (°C) 


On-Off Pin Current vs Voltage 


INPUT CURRENT (sA} 


INPUT VOLTAGE (V) 


On-Off Pin Thresholds 
=aownetee ee 


T 


0 
-55 -25 0 2 S0 75 
TEMPERATURE (°C) 


100 125 


10-60 


LT Wie 


LT1130 Series 


apes aes er 
TYPICAL PERFORMANCE CHARACTERISTICS 


Driver Output Leakage 
Supply Current in Shutdown in Shutdown 
1000 100 3 
=.-——== < 
5 A = # 
: _ | 
s 6 
S = Vout =30V. 
Z 3 | 
= 10 = el = =: 
n z =f + 
5 
oOo 
Vour= —30V 
1 0.1 
-55 -25 0 25 «50 75 100 = 125 -55 ~25 0 25 50 75 100 = 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
Shutdown to Receiver 
Output Waveforms Shutdown to Driver Output Output 
SV a 10V 6v 
DRIVER ORIVER 
ov 5V RECEIVER J 4V 
OUTPUT fe ae OUTPUT Y oy 
RECEIVER [ 5V ov wee 
oureut {ov gover a 7 
—i0V ON-OFF | 5V 
SV ON-OFF SV INPUT | OV Bee 
wwput { ov Neel Ov 
O dys 4ys Sys Bus ims 2ms 3ms 4ms 0 ims ams 3ms 4ms 


The driver output stage of the LT1130 offers significantly 
improved protection over older bipolar and CMOS designs. 
in addition to current limiting, the driver output can be ex- 
ternally forced to + 30V with no damage or excessive cur- 


LT1130 Driver 


O 
OUTPUT CAN 
BE FORCED 
EXTERNALLY 


+30V 
OVERVOLTAGE 


rent flow, and will not disrupt the supplies. Some drivers 
have diodes connected between the outputs and the sup- 
plies, so externally applied voltages can cause excessive 
Supply voltage to develop. 


Older RS232 Drivers and CMOS Drivers 


Vt 
WITH SOME DRIVERS, 
EXTERNALLY APPLIED 
VOLTAGE CAN FORCE 
THE SUPPLIES 

v~- 


LT Wen 
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LT1130 Series 


APPLICATION HINTS 


Placing the LT1130 type device in the SHUTDOWN mode 
puts both the driver and receiver outputs in a high 
impedance state. This allows data line sharing and 
transceiver applications. 


The SHUTDOWN mode also drops input supply current to 
zero for power-conscious systems. 


Transceiver 
OEGE 
| DRIVER | 


LOGIC 
TRANSMIT/RECEIVE 
LINE 


RS232 
TRANSMIT/RECEIVE 
LINE 


DEVICE 
RECEIVER 


LOGIC 
ON-OFF INVERTER 
(TRANSMIT/ 
RECEIVE) 
INPUT 


Sharing a Recelver Line 


Favonver | 


LOGIC 
INPUT A 


ae 


a te ae ee 


Uy2 oniver 
} s 


Logic { 


INPUT B 


I 
| 
Kae | 


LOGIC 
ON-OFF INVERTER 
(CHANNEL 
SELECT) 
INPUT 


Sharing a Transmitter Line 


r “a 
] #1 RECEIVER | 


RS232 
INPUT A 


Mace ae me me 


ome = 
{ #2 RECEIVER | 


RS232 
INPUT B 


LOGIC 
OUTPUT 


Nana ee a 


LOGIC 


ON-OFF INVERTER 


(CHANNEL 
SELECT) 
INPUT 


When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other active re- 
ceiver on the line, a 51k resistor can be placed from the 
logic input to Vcc to force a definite logic level when the 
receiver output is in a high impedance state. 


RECEIVER 


RS232 
INPUT 


*FORCES LOGIC INPUT STATE 


ON-OFF WHEN Von-oFF IS LOW 


{NPUT 


To protect against receiver input overloads in excess of 
+ 30V, a voltage clamp can be placed on the data line and 
still maintain RS232 compatibility. 


tka* RECEIVER 


RS232 
INPUT 


*A PTC THERMISTOR WILL 
ALLOW CONTINUOUS OVERLOAD 
OF GREATER THAN + 100V = = 
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LT1130 Series 


TYPICAL APPLICATIONS 


Basic Operation Operating with + 5V and + 12V Supplies 
. 1pF uF 
oo ad = POWER INPUT 12V dal - 
TO TO 
10 LOGIC 10 LOGIC 
LINE LINE 


Paralleling Power Supply Generator 
with Common Storage Capacitors 


ORIVER IN 


DRIVER OUT RX OUT 
RX IN [6] DRIVER IN 
DRIVER OUT ; RX OUT 
AX iN [8] DRIVER IN | To 
ro J Driver out [9] exour | Losic 
LINE aX IN [TO : DRIVER IN 


DRIVER OUT ‘ RX OUT 
: DRIVER IN 


DRIVER OUT 0-16] RX OUT 
RX IN [14] GROUND 
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LT1130 Series 


2500V Isolated 5-Driver/5-Receiver RS232 Transceiver 


Muriz0 PULSE ENGINEERING SYSTEM SUPPLY 
Vour=5V #PE-63394 Vin=3.5V — 15V 


SECONDARY 
Vout ADJUST 
10k! 


3802 
AT Vin=5V 
(NOTE 2) 


HP6N136 LOGIC 
NPUT 


LOGIC 
OUTPUT 


HP6N136 


i =SYSTEM GROUND 


77 = FLOATING COMMON 


NOTE 1: REPEAT THE OPTOCOUPLER CONNECTIONS FOR EACH LINE. 
NOTE 2: SELECT FOR 10mA THROUGH LED. 
*FOR IMPROVED EFFICIENCY, REPLACE THE 3.6k@ RESISTOR WITH A 30V ZENER DIODE. 


RS232 Driver Signals RS232 Receiver Signals 
100kHz LOGIC er RS232 
INPUT TO OPTOCOUPLER 
OPTOCOUPLER 
LT1130 DRIVER OUTPUT \ OUTPUT 
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LT1130 Series 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


S$ Package 
20-, 24 and 28-Lead Plastic SOL 
(.3007/.300 71.600” Wide) 


0291-9208 
raat 7585) 


eee ocs7—0.005 
2.010 -0.029 yo Gow=1 143) 
Om-073 


a 
wig BK 
fon 


‘ at Fy SEE NOTE 


0.34 0.419, 
‘FTo07— 10.643} 


0,004 0.012 


009-0013 
(0.229-0.390) ‘SEE NOTE err 
770 e285) ois 0080 
iwee 1275 
soonm 
wore 
eM. NOT OW Toe AND cans 


‘ON THE BOTTOM OF PACKAGE ARE THE 


ANY OF THE OPTIONS, 


J Package 
(.300” Wide) 


wo 
ean cuss oe 
zm SEALANT ox <4 
0.075~-0.060 
(0.981 1.524) aa i. 
pre 9.220-0310 
(S588—7.874) 
nase —F RAD YP 
20a 0.018, 0.098 -0.068 9.10040.010 - 
(0.200-0.457) os (21032) Teses= 1727) (2540 40.254) [some 
wax 
03050078 ~ é “ow 
(877940635 ca 
#0.655), (0:256-0.860) one 
Ww 
(.300’ Wide) 
0.130 +.0.005 pr A 
0.300-0.520 era as 
eae Bxesoen 
(0.508) 
won 
f 0.24040010 
16.350 40.254) 
6.909 -0.015 0.045 ~ 0.065 
seams she MEA Fre 
aso 0254) 
oes +2028 
id <0 0.085 40.005 8.018 + 0.003 
7 = 2 
Grass #258) rest 20.381) (0.457 20.076) 7 
" 
(300’ Wide) 
0.160 
9.290-0.300 Pry 9.060 0.005 Cue 


7.386—8. 928) 


Ba15) 
wax Wsmae 17 ae 


ame-oo , 
ae 
030-0410 
be aces Lc J | ewosnow Laos 
Care e020 (0-457 20.076) 
we 
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LT1130 Series 
PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


N Package 
24-Lead Plastic DIP 
(.300” Wide) 


9.300 
0 0.590 0.006 
F A020. rp 2.088 0.040 20.010 
oso, 18.902 0.127} 2.088, 0160264 
E iteet) sLome0 26) A Pee errant Tee 
on [" arg oan Aca 
: ESM EOR CRA ERA KCUN KLE SCHMECS NCW KNEES 
i. 


0.000 -0.015, 
(0.229~0.381) 


0.325 +0.0% on 
0.018 es 0.065 20.015 9,100 20.010, 0.016 40.008, 
(oa t088 ats 11.651 20.387) (4020.25) TAT 200705 
0.38 


J Package 
28-Lead Ceramic DIP 
(.600” Wide) 


_ fe Dov 20.002 
10.457 20061) 


|. soaoue 


N Package 
28-Lead Plastic DIP 
(.600” Wide) 


WS.20-15.75) Bee: 
O50 | (0,763) 2.080, 2,190 ef. 005 0.060, 
T4755 war 524) Beco. U2) 
bi + | me 0.0% 
0.125 aT 1.508) 
2.328, ian 
7 t Cig] 
wet 
9 45 . 0.082. 
7 


edge on -9.048, 
{0.220-0.381) wa oso. tarsi 
40.025 ~— (12.9540.127) RAD 
0.625 “0.015 0,050 0,015 9,100.4.0,010 0.019.40.008, 
(5 2888) (1:270.£0.381) (2.500'40.264) (o.abr =0.0765 
=0.381 ren 
z 


Wen 


TECHNOLOGY 


FEATURES 


@ 0.1,F Capacitors 
® Absolutely No Latchup 
= CMOS Comparable Low Power — 70mW 
= Superior to CMOS 
- Improved Speed — Operates Over 64K Baud 
- Improved Protection — Outputs Can be Forced 
to + 30V Without Damage 
- Three-State Outputs are High Impedance When Off 
- Smaller Board Area Required 
@ {nA Supply Current in Shutdown 
= Available in SO Package 
= Available With or Without Shutdown 


APPLICATIONS 


@ Portable ond 


= Battery Powered 
= Power an \ 


. rominaiteo 


ot perk. 


LT1180/LT1181 


Advanced Low Power 
5V RS232 Dual Driver/Receiver 
with Small Capacitors 


DESCRIPTION 


The LT1180 and LT1181 are the only dual RS232 driver! 
receiver with charge pump to guarantee absolutely no 
latchup. Requiring only 0.1nF charge pump capacitors, 
these interface optimized devices provide a realistic bal- 
ance between CMOS levels of power dissipation and real 
world requirements for ruggedness. Small capacitors re- 
duce cost as well as board size. The driver outputs are 
fully protected against overload and can be shorted to 
+30V. Unlike CMOS, the oD line ute of the 
LT1180/LT1181 does not lo line when “shut 
down” or when po e receiver and RS232 


outputs a hgh a etatt: te. An advanced 
BECO: “eyo citive loads at 
| Faggedness against ESD. 


“ Swi 
ch up to 5 drivers and 5 receivers 


is pump in one package see the LT1130 Series 


LT1081 is available for applications requiring extra current 
from the charge pump to power other circuitry. All of 


of fata sheet. A version of the LT1180/81, the LT1080 and 
anise 


= Modems Linear Technology's RS232 IC’s are available in standard 
cor surface mount packages. 
TYPICAL APPLICATION 
0.4yF = 
Output Waveforms 
O.1pF 
5v 
oe{ 
—-vV 
a ae 
(NPUT { 
sx| ; 
OUTPUTS 0 us ps Sps Bys 
ON-OFF 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Voc).......cceeecseeeeeeeeeeneenees 6V 
VP coiianauadhaee bade Atenetihoveekapiendews he 13.2V 
Vein ata aca wel dodo waes duseiteee tan scents -13.2V 
Input Voltage 
DIVE 2s nceceathcksd pawn den baaele anes V- to Vt 
RECEIVE! ........ cc sac ccc eceeeeeeeeees -30V to 30V 
On-Olf Pini... cases ekieemanetvences GND to 12V 
Output Voltage 
Aer V- +30V to V+ -30V 
Receiver.........c cece eee cence -0.3V to Voc + 0.3V 


Short Circuit Duration 
VA ccacdvivcaaeceeonanabvaatiaeebedens 30 Seconds 
Vee avitdieadeainesonsapeacsesenegeeeds 30 Seconds 
Driver Output....... 0... cece cece ee eee ees Indefinite 
Receiver Output........... cece cece eee e ees Indefinite 
Operating Temperature Range 
LTT18OMILTI181M 0.0... cece cece ees — 55°C to 125°C 
LTV180ULTI1811 ccc cece eee eae - 40°C to 85°C 
LTV180C/LT118 10. 0... cece eee eee reas 0°C to 70°C 
Lead Temperature (Soldering, 10 sec.)............ 300°C 


PACKAGE/ORDER INFORMATION 


TOP VIEW 


ORDER PART 
NUMBER 


LT1180MJ 
LT11801J 
LT11801N 
LT1180CJ 
LT11800N 


REC1 OUT 


REC2 OUT 


TOP VIEW 


LT1181MJ 
LT11811J 
LT1181IN 
LT1181CJ 
LT1181CN 


LT1181 
112] REC1 OUT 


| 9} REC2 OUT 


J PACKAGE N PACKAGE 
16-LEAD CERAMIC DIP 16-LEAD PLASTIC DIP 


TOP VIEW 


ORDER PART 
NUMBER 


L11180!S 
LT1180CS 


171180 


S PACKAGE 
18-LEAD PLASTIC SOL 


TOP VIEW 


LT11811S 
LT1181CS 


S PACKAGI 
16-LEAD PLASTIC SOL 
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ELECTRICAL CHARACTERISTICS (note 1) 


PARAMETER CONDITIONS MIN TYP MAX UNITS 
Driver 
Output Voltage Swing Load = 3k to GND Positive 5.0 73 V 
Both Outputs. Negative -50 -65 V 
Logic Input Voltage Input Low Level (Voyr = High) 14 0.8 V 
Level Input High Level (Voyr= Low) 2.0 14 Vv 
Logic Input Current Vin2=2.0V § 20 pA 
Vy s0.8V 5 20 pA 
Output Short Circuit Sourcing Current, Voyr = OV 7 12 mA 
Current Sinking Current, Voyy =0V -7 ~12 mA 
Output Leakage Current SHUTDOWN (Note 2), Voyr= + 30V | @ | 10 100 pA 
Siew Rae R= 30, O,=519F —_ 
Recelver 
Input Voltage Thresholds Input Low Threshold, LT1180C, LT1181C e 0.8 1.3 v 
LT11801, M/LT1181!, M e 0.2 1.3 v 
Input High Threshold, LT1180C/LT1181C 17 24 V 
: LT11801, M/LT11811, M 1.7 3.0 Vv 
Hysteresis e 0.1 0.4 10 V 
input Resistance ee A ee ia 
Output Voltage Output Low, loyr = - 1.6mA 0.2 0.4 Vv 
Output High, lout = 160pA (Veg = 5V) 3.5 48 v 
Output Short Circuit 


Sinking Current, Vout = Voc -10 ~20 mA 
Current Sourcing Current, Voyr = OV 0.6 1 mA 


CO a EE i 
Supply Current (Note 3) mA 

Ty = 128°C mA 
Supply Leakage Curent) a yA 
Onffin Curent [OvsVonarrssvieTT@0Ony se | 18 yA 


The @ denotes specifications which apply over the operating temperature 
range (0°C <T, 70°C for commercial grade, - 40°C <T, <85°C for indus- 
trial grade or - 55°C <T, < 125°C for military grade devices). 

Note 1: These parameters apply for Voy pFF=3V, Voc =5V and C=0.1yF un- 
less otherwise specified. 


Note 2: VonoeF = 0.4V for - 55°C <T, 5 100°C, and Von per =0.2V for 
100°C <T, < 125°C (LT1180 only). 


Note 3: Uniess otherwise specified, Vog = 5V, external loading of V+ and 
V— equals zero and the driver outputs are low (inputs high). 
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PIN FUNCTIONS (Pin numbers refer to LT1180) 


Veg (Pin 17): Input supply pin. Supply current drops to zero 
in the SHUTDOWN mode. 


GND (Pin 16): Ground pin. 


On-Off (Pin 18): Controls the operation mode of the LT1180 
and is TTL/CMOS compatible. A logic low puts the device 
in the SHUTDOWN mode which reduces input supply cur- 
rent to zero and places both driver and receiver outputs 
in a high impedance state. A logic high fully enables the 
device. 


V+ (Pin 3): Positive supply for RS232 drivers. V+ ~ 
2Vcc—- 1.5V. Requires an external capacitor (=0.1yF) for 
charge storage. Capacitor may be tied to ground or +5V 
input supply. With multiple transceivers, the V+ and V —- 
pins may be paralleled into common capacitors. 


V—- (Pin 7): Negative supply for RS232 drivers. V—- = 
-(2Vcc—2.5V). Requires an external capacitor (=0.1yF) 
for charge storage. With multiple transceivers, the V+ 
and V — pins may be paralleled into common capacitors. 


TR1 IN; TR2 IN (Pins 12, 11): RS232 driver input pins. Inputs 
are TTLICMOS compatible. Inputs should not be allowed 
to float. Tie unused inputs to Vcc. 


TR1 OUT; TR2 OUT (Pins 15, 8): Driver outputs with RS232 
voltage levels. Outputs are in a high impedance state 
when in the SHUTDOWN mode or when power is off 
(Vcc =0V) to allow data line sharing. Outputs are fully 
short circuit protected from V- +30V to V+ -30V with 
power on, off, or in the SHUTDOWN mode. Typical output 
breakdowns are greater than +45V and higher applied 
voltages will not damage the device if moderately current 
limited. Shorting one output will affect output from the 
other. 


REC1 IN; REC2 IN (Pins 14, 9): Receiver inputs. Accepts 
RS232 voltage levels (+ 30V) and has 0.4V of hysteresis to 
provide noise immunity. Input impedance is nominally 
5kQ. 


REC1 OUT; REC2 OUT (Pins 13, 10): Receiver outputs with 
TTLICMOS voltage levels. Outputs are in a high 
impedance state when in the SHUTDOWN mode to allow 
data line sharing. Outputs are fully short circuit protected 
to ground or Vcc with power on, off, or in the SHUTDOWN 
mode. 


Ci+;Ci-;C2+;C2— (Pins 2, 4, 5, 6): Requires an ex- 
ternal capacitor (2=0.1nF) from C1+ to C1 — and another 
from C2+ to C2—. Pin 2 can be used for connecting a 
second positive supply. When a separate positive supply 
is used, C1 can be deleted. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Supply Generation from Vc 
Supply Ripple vs Capacitor or Shutdown Receiver Input Thresholds 
300 3.00 
2.75 
2.50 
= S 2.25 
200 r = = INPUT HIGH 
Ss 3 2 2.00 
E 5 8 175 
4 Ss = 
= z F 4.50 
100 r Ss z 105 INPUT LOW 
1.00 
0.75 
0 10 0.50 
tt) 0.1 0.2 0.3 0.4 0 20 40 60 80 100 120 140 160 180 200 ~55 -25 0 25 50 75 = ©100 «125 


CAPACITOR (uF) 


TIME (ys) 


TEMPERATURE (°C) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Receiver Output Short — mo 
Circuit Current On-Off Pin Current vs Voltage On-Off Pin Thresholds 
100 

z 10 3 rr 

B 8 = 

oc ez Ss 

cc e > 

3 Fa} = 

= = 

=i z & 

3 z Pole 
FF VOLTAGE 
an (ie 

01 —10 0 
—-55 ~25 0 25 50 75 100 125 -55 -25 0 25 50 75 «100 «125 
TEMPERATURE (°C} INPUT VOLTAGE (V) TEMPERATURE (°C) 
Driver Output Leakage 
Supply Current in Shutdown in Shutdown 
1000 100 
2 
= 100 & 10 
= 
5 3 
2 o 
2 3 
z 10 3 1 
a = 
= 
3 
1 0.1 
-55 -25 0 25 50 75 «100 «125 -55 -25 0 25 50 75 100 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
Shutdown to Driver Output Shutdown to Receiver Output 
DRIVER 
OUTPUT RECEIVER 
OUTPUT 
ov me 7: 
DRIVER QUTPUP LOW 
OUTPUT = spp hadbssiihes teri teetcnllih 
ON-OFF 
ON-OFF INPUT 
INPUT 
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APPLICATION HINTS 


The driver output stage of the LT1180 offers significantly 
improved protection over older bipolar and CMOS designs, 
In addition to current limiting, the driver output can be ex- 
ternally forced to + 30V with no damage or excessive cur- 
rent flow, and will not disrupt the supplies. Some drivers 
have diodes connected between the outputs and the sup- 
plies, so externally applied voltages can cause excessive 


supply voltage to develop. 


LT1180/LT1181 Driver 


30v 
eal 
OUTPUT CAN —30V 
BE FORCED 


EXTERNALLY 


Older RS232 Drivers and CMOS Drivers 


vt+ 


WITH SOME DRIVERS, 
EXTERNALLY APPLIED 
VOLTAGE CAN FORCE 
THE SUPPLIES 


Sharing a Receiver Line 


{T1180 #1 
RECEIVER 


RS232 
INPUT A 


LT1180 #2 
RECEIVER 


LOGIC 
OUTPUT 


RS232 
INPUT B 


LOGIC 
INVERTER 


ON-OFF 
(CHANNEL 
SELECT) 
INPUT 


Placing the LT1180 in the SHUTDOWN mode (Pin 18 low) 
puts both the driver and receiver outputs in a high 
impedance state. This allows data line sharing and 
transceiver applications. 


The SHUTDOWN mode also drops input supply current 
(Vcc; Pin 17) to zero for power-conscious systems. 


Transceiver 


T1180 #1 
DRIVER 


LOGIC 
TRANSMIT/RECEIVE 
LINE 


LT1180 #2 
RECEIVER 


LOGIC 
INVERTER 


ON-OFF 
(TRANSMIT/ 
RECEIVE) 
INPUT 


Sharing a Transmitter Line 
LT1180 #1 
DRIVER 


LOGIC 
INPUT A 


LT1180 #2 
DRIVER 


LOGIC 
INPUT B 


LOGIC 
ON-OFF INVERTER 
(CHANNEL 
SELECT) 
INPUT 
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APPLICATION HIATS 


When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other active re- neha Ka" 
ceiver on the line, a 51k resistor can be placed from the INPUT 
logic input to Vcc to force a definite logic level when the 

receiver output is in a high impedance state. 


RECEIVER 


LOGIC 
OUTPUT 


' 7 ri ; *A PTC THERMISTOR WILL 
To protect against receiver input overloads in excess of ALLOW CONTINUOUS OVERLOAD 


+ 30V, a voltage clamp can be placed on the data line and Tener — 
still maintain RS232 compatibility. 


71180 EXTERNAL 


11180 
RECEIVER 


CMOS 


RS232 ee 


INPUT 


LOGIC 
OUTPUT 


*FORCES LOGIC INPUT STATE 
ON-OFF WHEN Voy-orr IS LOW 


INPUT 


TYPICAL APPLICATION 
Operating with 12V and 5V Supplies 
12v SV 
INPUT (NPUT 
~ —12Vour 
0.1 pF 0.4 pF 
RS232 OUTPUT 
LOGIC 
INPUTS 
RS232 OUTPUT 
RS232 INPUT 
LOGIC 
OUTPUTS 
RS232 INPUT 
ON-OFF 
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PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
16-Lead Ceramic DIP 


0.840 
08 | eal 
w |e) ee a 


11015 -0.060 = 
ae 15% — | cess. 


0.008 0.018, 0.080 0.0380 068 
(0.709—0.460} | 9.125, (2.090) (o.se— 1727) 
175) 
0,385 + 0,025 ed 0.100.0.010 G.01s—0.025 
(8-70.40.635) sais 0 BH) 10.96-0.06), 
LT118i1MJitd 
LT1181CJ 


N Package 
16-Lead Plastic DIP 


0,250-£0,010 
(6.35020. 254) 


0,300-0.220 1.130..0.005 9.045 ~0,065 
Ten—8.129) F5220.127) 


0.009-0.015 0.125 0.005 20.015 oye 0.018. 2.0.003, 
(oz-0s6) | 175) (1.14320.384) (045750076) 
$0.02 
0.825 “o.015 0.100 + 0.010 
ps8 Bettas 
0.38 cond 


crmown [wre [tare [ew | 


$ Package 
16-Lead Plastic SOL 


9.308 -8.413 
(10.109 10.490) 

16 15 16 13:12 11 10 9 
PABA f 

NOTE 

‘PANT IOENT, NOTCH ON TOP AND CAWTIES, 

(ON THE BOTTOM OF PACKAGE ARE THE 

(MANUFACTURING OPTIONS. THE PRAT 

MAY BE SUPPLIED WITH OR WITHOUT 

‘ANY OF THE OPTIONS, 


0.201-0.200 
(7.301 7.505} 


.32—2.643} 2 
010-100 Se 1.037 0.065, 
WeA-0737} 
ore Te 
221-030) ‘SEE NOTE i. (0.102=0.205) 
0.016 —0.060 pe 
oxs— 1.270) oe soem 


J Package 
18-Lead Ceramic DIP 


' wax 
fe) fi 


MAX 
dite 
0.015 ~0,060 
(0.3801'520) 
oos—o.018 = 0" 4" 3 fea ace 
15" (0.203-0.460) ad 
9.3852. 0.025 H ss TE 
[__ game oo | [tore 0026 


0.125 

72065) 2.40) 0.1004 0.010 (0.300 -0.660) (3.175) 
me (2500 0 2) a 
Tmax Oa Oc 


LT1180MJ/ld 


| 
150°C 100°C 40°C 
150°C 100°C 40°C 
N Package 
18-Lead Plastic DIP 


0.250 20.010 
020-255) 


ta] ley TJ Tel 
0.300-0.300 8.068 
780 -8.128) ites 0.045 —0.065 
7 we irra 1660) 
{ = 8.020, 
9.3302 0.005 0508} 
me=0.127) t 
TP taf] 
8.175} 
win a 


9.008-0.015 f =a fe. 0 1000.00 
ez-038n) 2540 +0.254) 

$00 oossoos | |. 2.010.003 
0325 a015 inmga0.38 (0.457 20.076) 


25735) 


Tmax Oia | Ge | 


$ Package 
18-Lead Plastic SOL 


0,447 0.463 


(11.3845 11.760) 
18 17 16:15 14:13:12 11 10. 
PRA AD 


NOTE: 
et er at “amicses, 
MANUFACTURING OPTIONS. THE PRAT 
MAY 3E SUPPLIED WITH OF WATHOUT 
ANY OF THE OPTIONS. 
SR ae 9.093 0.104 
(2.9622 642) 0,097-0.008 
0.010-0.029 45¢ (0.940— 1.743) 


Yo2se—0.757) 


oom-003 a8 oot~0012 
fe 229-0300) See WOE fs (0.102 =0.306) 
a 0.014.-0.019 
Peat pans sn 


10-74 


LT WitAR 


LI Wie 


FEATURES 


= 10mA Max Supply Current 
= Absolutely No Latchup 
= CMOS Comparable Low Power — 35mW Typ 
= Superior to CMOS 
- Improved Speed — Operates Over 64K Baud 
- Improved Protection — Outputs Can be Forced 
to +30V Without Damage 
- Three-State Outputs are High Impedance When Off 
- Smaller Board Area Required 
@ {A Supply Current in Shutdown 
@ Available in SO Package 
@ Available With or Without Shutdown 


APPLICATIONS 


® Portable Computers 
= Battery Powered RS232 om Oo 

= Power Supply PAY 
. Terminals yi 

. oe 


TYPICAL A Eon 


RS232 OUTPUT 


LOGIC 
INPUTS 
LOGIC 
OUTPUTS 


ON-OFF 


RS232 INPUT 


«per 


LT1280/LT1281 


Advanced Low Power 
5V RS232 Dual Driver/Receiver 


DESCRIPTION 


The T1280 and T1281 are the only dual RS232 driver! 
receiver with charge pump to guarantee absolutely no 
latchup. Requiring only 1pF charge pump capacitors, 
these interface optimized devices provide a realistic bal- 
ance between CMOS levels of power dissipation and real 
world requirements for ruggedness. Small capacitors re- 
duce cost as well as board size. The driver outputs are 
fully protected against overload and can be shorted to 
+30V. Unlike CMOS, the advanced architecture of the 
LT1280/LT1281 does not eek t jine when “shut 
down” or when power ceiver and RS232 
outputs are pu ante te. An advanced 
output, st zat bi loads at 
oF NOE against ESD. 


p in one package see the LT1130 Series 

heet. A version of the LT1280/81, the LT1180 and 

LT1181 is available for applications requiring small (0.1pF) 

capacitors. All of Linear Technology’s RS232 IC’s are avail- 
able in standard surface mount packages. 


€ S with ex ‘one 
For yh a ng up to 5 drivers and 5 receivers 


Output Waveforms 


LT WI 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Voc).......sccecceceeeeeeeeeeeeeees 6V 
Ves soecuaaCauls cacvinn dodddurca cabsbes oyeabaeeoes 13.2V 
Vir reicrimantal Soden tcupevegobe ofdttindsoe tna -13.2V 
Input Voltage 
DIWNCl iiss deleacva weawineae dalncnee V- to Vt 
ROCHE! sancicereeyspsananmnunrninsaes ~ 30V to 30V 
On-Off Pin... ... cc. cece cece ee eee ees GND to 12V 
Output Voltage 
Dl, eect teeta oe tees V- +30V to V+ -30V 
Receiver. ....... 0. cece eee eens -0.3V to Veco + 0.3V 


Short Circuit Duration 
VEL can datilend an cv uewtnd see tan getlardevaaens 30 Seconds 
Vr idee ante tes eid cients Olea eeavontis 30 Seconds 
Driver Output..........ccccc eu eseeeeeees Indefinite 
Receiver Output............ccceeeereeees Indefinite 
Operating Temperature Range 
LT12B0MILT1281M ........ccceeceeeaes — 55°C to 125°C 
LTA2B0ULT12811 02... cece eee eee eees - 40°C to 85°C 
LT1280C/LT12B1C. 0.0... cece cece ee ee aes 0°C to 70°C 
Lead Temperature (Soldering, 10 sec.)............ 300°C 


PACKAGE/ORDER INFORMATION 


ORDER PART 
NUMBER 
LT1280MJ 
LT12801d 
LT12801N 


LT1280CJ 
LT1280CN 


LT1281MJ 
LT12811J 

LT12811N 
LT1281CJ 
LT1281CN 


REC1 QUT 


19 | REC2 OUT 


J PACKAGE N PACKAGE 
16-LEAD CERAMIC DIP 16-LEAD PLASTIC DIP 


TOP VIEW 


ORDER PART 


ecg NUMBER 


Voc 

GND LT12801S 

TRI OUT LT1280CS 
LT1280 REC1 IN 

REC1 OUT 

TRI IN 

TR2 IN 

REC2 OUT 


18-LEAD PLASTIC SOL 


TOP VIEW 


LT128118 
LT1281CS 


1 9} REC2 OUT 


S PACKAG 
16-LEAD PLASTIC SOL 
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ELECTRICAL CHARACTERISTICS (note 1) 


PARAMETER CONDITIONS | MIN TYP MAX | UNITS 
Driver 
Output Voltage Swing Load = 3k to GND Positive e 5.0 7.3 Vv 
Both Outputs. Negative | e ~5.0 -65 a Vv 
Logic Input Voltage if Input Low Level (Voyr = High) e 1.4 08 V 
Level Input High Level (Voy; = Low) e 2.0 1.4 V 
Logic Input Current Vin22.0V e 5 20 wA 
Vins 0.8V ® 5 20 pA 
Output Short Circuit Sourcing Current, Voyy = OV 7 12 mA 
Current Sinking Current, Voyr =0V -7 -12 | mA 
Output Leakage Current SHUTDOWN (Note 2}, Vout = + 30V (Note 4) | e 10 25 pA 
Slew Rata R, = 3k0, C, = 5tpF ail 4 15 30 Vins 
Receiver 
Input Voltage Thresholds Input Low Threshold, LT1280C/LT1281C e 0.8 1.3 v 
LT12801, M/LT12811, M e 0.2 13 V 
Input High Threshold, LT1280C/LT1281C e 17 24 tf t« 
LT12801, M/LT12811, M e 17 3.0 | V 
Hysteresis e 0.4 1.0 V 
Input Resistance 5 7 ko 
Output Voltage Output Low, Ioyp= - 1.6mA 0.2 0.4 V 
Output High, ly = 160pA (Vee =5V) 48 v 
Output Short Circuit Sinking Current, Vout = Voc -20 mA 
Current Sourcing Current, Voyt = OV 0.6 | mA 
Output Leakage Current SHUTDOWN (Note 2), OV <Voyrs Voc 1 10 pA 
Supply Current (Note 3) 7 10 “| mA 
14 mA 
Supply Leakage Current (Voc) SHUTDOWN (Note 2) (T1280 Only) (Note 4) 1 25 pA 
On-Off Pin Current OVS Von are <5V (LT1280 Only) 80 [GA 
The @ denotes specifications which apply over the operating temperature Note 3: Unless otherwise specified, Voc = 5V, external loading of V+ and 
range (0°C <T, <70°C for commercial grade, - 40°C <T, <85°C for indus- V~— equals zero and the driver outputs are low (inputs high). 
trial grade or - 55°C <T,< 125°C for military grade devices). Note 4: Leakage current at 125°C = 100»A max. 
Note 1: These parameters apply for Von.oFr = 3V, Voc = SV and C = 1.0pF un- 
less otherwise specified. 
Note 2: Von orp = 0.4V for - 55°C <T, < 100°C, and Von.oFF = 0.2V for 10 
100°C <T,< 125°C (LT1280 only), 
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PIN FUACTIONS (in numbers reterto 171280) 


Voc (Pin 17): input supply pin. Supply current drops to zero TR1 OUT; TR2 OUT (Pins 15, 8): Driver outputs with RS232 
in the SHUTDOWN mode. voltage levels. Outputs are in a high impedance state 

baat: ; when in the SHUTDOWN mode or when power is off 
GND (Pin 16): Ground pin. (Voc=0V) to allow data line sharing. Outputs are fully 
On-Off (Pin 18): Controls the operation mode of the 111280 short circuit protected from V—- +30V to V+ ~30V with 
and is TTL/CMOS compatible. A logic low puts the device power on, off, or in the SHUTDOWN mode. Typical output 
in the SHUTDOWN mode which reduces input supply cur- breakdowns are greater than +45V and higher applied 
rent to zero and places both driver and receiver outputs Voltages will not damage the device if moderately current 
in a high impedance state. A logic high fully enables the ries Shorting one output will affect output from the 
device. other. 


V+(Pin 3): Positive supply for RS232 drivers. V+~  REC1 IN; REC2 IN (Pins 14, 9): Receiver inputs. Accepts 
2Vcc— 1.5V. Requires an external capacitor (>0.1yF) for  RS232 voltage levels (+ 30V) and has 0.4V of hysteresis to 
charge storage. Capacitor may be tied to ground or +5V _— provide noise immunity. Input impedance is nominally 
input supply. With multiple transceivers, the V+ andV—- —_5ko. 


RIDE i ne Pelee ea mio common cap eos REC! OUT; REC2 OUT (Pins 13, 10; Receiver outputs with 
V— (Pin 7): Negative supply for RS232 drivers. V-~  TTL/CMOS voltage levels. Outputs are in a high 
~(2V¢¢-2.5V). Requires an external capacitor (>0.1zF) impedance state when in the SHUTDOWN mode to allow 
for charge storage. With multiple transceivers, the V+ data line sharing. Outputs are fully short circuit protected 
and V — pins may be paralleled into common capacitors. to ground or Voc with power on, off, or in the SHUTDOWN 


TR{ IN: TR2IN (Pins 12,11 RS232 driver input pins, Inputs ""°™* . | 

are TTLICMOS compatible. Inputs should not be allowed C1+;C1—;C2+;C2— (Pins 2, 4, 5, 6): Requires an ex- 

to float. Tie unused inputs to Vcc. ternal capacitor (>0.1nF) from C1 + to Ci — and another 
from C2+ to C2—. Pin 2 can be used for connecting a 
second positive supply. When a separate positive supply 
is used, C1 can be deleted. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Supply Generation from Vcc Receiver Output Short 
or Shutdown Receiver Input Thresholds Circuit Current 
3.00 100 
2.75 
2.50 
= ae INPUT HIGH E - 
uw a 2.0 = 
3 gi 1.75 2 
> = 1.50 = 
S = 1.25 INPUT LOW 5 1 
1.00 ae 
0.75 
50 


0. 0.1 
-55 -25 0 2 50 7 100 125 -55 -25 0 2 50 75 100 125 
TIME (ms) TEMPERATURE (°C) TEMPERATURE (°C) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


On-Off Pin Current vs Voltage On-Off Pin Thresholds 


_ 


NIMUM ON VOLTAGE 


INPUT CURRENT (yA) 


ON-OFF PIN VOLTAGE (V) 


0 
0 1 2 3 4 5 -55 -25 0 25 50 75 100 125 
INPUT VOLTAGE (V) TEMPERATURE (°C) 
Driver Output Leakage 
Supply Current in Shutdown in Shutdown 


SUPPLY CURRENT (nA) 


OUTPUT LEAKAGE CURRENT (A) 


1 0.1 
—5 -25 0 2 50 75 100 125 —55 -25 0 2% 80 75 100 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
Shutdown to Receiver 
Shutdown to Driver Output Output 
10V ev 
DRIVER —— 
oureur) OUTPUT HIGH receiver J 4V 
Vv Ee OUTPUT PY] 
ve ov 
DRIVER J _ gy OUTPUT LOW 
OUTPUT feces 
—10V onore | 
ON-OFF 5V INPUT | OV 
INPUT ov 


LT1280/LT128]1 


LS a PR OP I A A ne I REE 


APPLICATION HINTS 


The driver output stage of the LT1280 offers significantly 
improved protection over older bipolar and CMOS designs. 
In addition to current limiting, the driver output can be ex- 
ternally forced to + 30V with no damage or excessive cur- 
rent flow, and will not disrupt the supplies. Some drivers 
have diodes connected between the outputs and the sup- 
plies, so externally applied voltages can cause excessive 
Supply voltage to develop. 


LT1280/LT1281 Driver 
30V 
OTPUT CAN age ~30V 


BE FORCED 
EXTERNALLY 


Older RS232 Drivers and CMOS Drivers 


V+ 


WITH SOME DRIVERS, 
EXTERNALLY APPLIED 
VOLTAGE CAN FORCE 
THE SUPPLIES 


Sharing a Receiver Line 


(T1280 #1 
RECEIVER 


RS232 
INPUT A 


LT1280 #2 
RECEIVER 


LOGIC 
OUTPUT 


RS232 
INPUT B 


LOGIC 
\NVERTER 


ON-OFF 
(CHANNEL 
SELECT) 
INPUT 


Placing the LT1280 in the SHUTDOWN mode (Pin 18 low) 
puts both the driver and receiver outputs in a high 
impedance state. This allows data line sharing and 
transceiver applications. 


The SHUTDOWN mode also drops input supply current 
(Vcc; Pin 17) to zero for power-conscious systems. 


Transceiver 


(71280 #1 
DRIVER 


RS232 
TRANSMIT/RECEIVE 
NE 


LOGIC 
TRANSMIT / RECEIVE 
LINE 


111280 #2 
RECEIVER 


LOGIC 
INVERTER 


ON-OFF 
(TRANSMIT/ 
RECEIVE) 
INPUT 


Sharing a Transmitter Line 
{71280 #4 
ORIVER 


LOGIC 
INPUT A 


LT1280 #2 
DRIVER 


LOGIC 


INPUT B LINE 


LOGIC 
ON-OFF INVERTER 
(CHANNEL 
SELECT) 
INPUT 


10-80 
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LT1280/1L11281 


APPLICATION HINTS 

When driving CMOS logic from a receiver that will be used 

in the SHUTDOWN mode and there is no other active re- “ae RECEIVER 

ceiver on the line, a 51k resistor can be placed from the INPUT Losic 


logic input to Vc to force a definite logic level when the 
receiver output is in a high impedance state. 


*A PTC THERMISTOR WILL 


To protect against receiver input overloads in excess of ALLOW. CONTINUOUS OVERLOAD 
+30V, a voltage clamp can be placed on the data line and SETS aN eI. = 
still maintain RS232 compatibility. 
T1280 EXTERNAL 


(11280 
RECEIVER 


RS232 
INPUT 


*FORCES LOGIC INPUT STATE 


ON-OFF WHEN Von-orr IS LOW 


INPUT 


Operating with 12V and 5V Supplies* 
42 2 : ag ©4117 
INPUT 5V INPUT 
4 3 
es 17 ips 
1 1, 
iF ‘ —— oF 
“ 8 S232 OUTPUT 
Losic 
INPUTS 
ui 48 RS232 OUTPUT 
us us RS232 INPUT 
Logic 
OUTPUTS 
10 2 RS232 INPUT 
48 6 
ON-OFF & *SUPPLY CURRENT IS SHUTDOWN 
a FROM BOTH SUPPLIES, 


Ig TYP=4mA, 


LI Wye 10-81 


LT1280/L7 1281 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
16-Lead Ceramic DIP 


an 30-640 


9.200 —0 320 


(7978.13) 


0.008—0.018 
(0.203-0.460) 9.125, 
(3.175) 
‘MIN 
0,385.2 0.025 


0.100 «0.010 


0.038 0.068 
(O36 1.727) 


0.014 0.026 


(9.779 0.635) {2.540 0.254) (0.36 —0 65) 
Timax Oa Bic 
LTt281MJINJ 150°C 100°C 40°C 
LT12810 150°C 100°C 40°C 
N Package 
16-Lead Plastic DIP 
a 
0.250 40.010 
(6.950 + 0.264) 
fs! 
0,300-0.920 0.130 0.005 0 045 — 0.065 — ae 
(7620-8.126) (3.302 80-127) (63= 7.657) iP 
0.020, 4 
e308) Y ay 
rt t 
a geneegs, A ol teaessens| | il, sopsone 
0.325 +0.025 tel 
na suena 
Gass 20535) a (2540 £0254) 
| Timax Bia Oe | 
[__uT12BtCN”IN ieee | _t20°cw soc | 


S$ Package 
16-Lead Plastic SOL 


note ‘ 61413 
PIN 1 IDENT. NOTCH ON TOP AND CAVITIES 
(ON THE BOTTOM OF PACKAGE ARE THE 
MANUFACTURING OPTIONS. THE PART 
MAY BE SUPPLIED WITH OR WITHOUT 

ANY OF THE OPTIONS. 


0.201~0.209 
3a1 7.595) 


(0.137), Poe 0.028 


0.014 0.099 


(0.356 >0.482) 


0,009- 0.013 
(0.290.530) 


See NOTE 


490) 


BABAD 


9.037 — 


9. 394-0.419 


(10-007 = 10.683) 


0.085 


30 


iM 


1.143) 


0,904 ~ 0.012 
{0102-0.908) 


0.180 
0.290-0,320 

i Fieeize | H4.06HH 
(7 366-8.728) ; 


8.008-0018 


wef lea 0° = 15° {0-203 0.460), 


le. 0385 20.025 


J Package 
18-Lead Ceramic DIP 


0220-0310 
5550 -7.870) 


0.700 
ie 0.058 0.058 a 000) 
joo} fr AK 

i 0.015—0.060 

{0 380-1 520) 


ws ICY ar 


—al|._204-0088, ils 
(0 360 — 0.660) (a175) 


: . Dot Le | 
i979..0.635) ie} al i i puree) as 
| Ga je 
LT1280MWIN wore | t00°cW 40°CW 
LT1280CJ ‘soc | too | aoc 
N Package 
18-Lead Plastic DIP 
075020010 
(6.350 4 0.254) 
0,300 =| = 0.320 
had = 8.128) =| ee, 
a bo C ool 


Fi 


om 0015 
aoa 

+0.025 D085 40.019, _ | 
0825 — 9.015, 14 143 0.387) 


—o] |e anese0, 
TEED 
x q , 0.018-40.003 
rr | 


bots. 
Li et) wom 
Tmax Gia | Gic 
LT1280CNIIN 125°C. 120°C | 50°C! 


$ Package 


18-Lead Plastic SOL 


wore: 

PIN 1 IDENT. NOTCH ON TOP AND CAVITIES 
(ON THE BOTTOM OF PACKAGE ARE THE 
MANUFACTURING OPTIONS. THE PART 
MAY QE SUPPLIED WITH OF WITHOUT 

ANY OF THE OPTIONS. 


201-0200, 
ee) 


0.447 ~ 0.463 


(14,3581. 760) 
1897 16 15 16:13:12 11 10 


SEE NOTE ig 


1234556789 


0.000.104 
(362-7 622} 


ately ee 
Sonn Fi oe t 
: "ine 


0 009-0.013 
(o229=0.330) 


See NoTE 


Bore—0080 
(0.406 = 1-270) 


be 0.00 
1-270} ow 
WP en, 
0914-9018 
{0-356 0.4821, 
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SECTION 11—SPECIAL FUNCTION 
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£71025, Micropower Thermocouple Cold Junction Compensator..... 0.6... cence ene tenet teen eeas 11-7 
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LT1088, Wideband RMS-DC Converter Building Block... 0... ccc ncn n nee n tne e tenet anes 11-33 
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L71188; 1.5A High Side Switch 23.0 isc3 chap pes she ene ek FER ae eee PPO aa plas pana Daa den qeebanuu ens 13-55 
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LTKOO} 
Thermocouple Cold Junction 


Compensator and Matched Amplifier 


FEATURES 


= 0,75°C Initial Accuracy (A Version) 

# Extremely Low Warmup Drift 

= Preset Outputs for Type E, J, K, R, 8, T 
® Single 5V to + 20V Operation 

® 480A Typical Supply Current 


APPLICATIONS 


= Thermocouple Cold Junction Compensation 


DESCRIPTION 


The LTK001 is a thermocouple amplifier supplied with a 
matched cold junction compensator. By separating the 
amplifier and compensator functions, the problem of com- 
pensator temperature rise is virtually eliminated. The com- 
pensator is a selected version of the LT1025 cold junction 
compensator. The amplifier, which is also available sepa- 
rately as LTKAOx has been specially selected for thermo- 
couple applications. It has low supply current to minimize 
warmup drift, very low offset voltage (<35,V), high gain, 


and extremely low input bias currents (<600pA) to allow 
high impedance input filters to be used without degrading 
offset voltage or drift. 


Matching of the kits is accomplished by separating the 
compensators and amplifiers according to the polarity of 
their initial (room temperature) errors. This eliminates the 
need to sum the errors of the two components to find the 
worst-case error. 


The LTK001 has direct thermocouple outputs of 60.9,V/°C 
(E), 51.7nVI°C (J), 40.6nV/°C (K, T), and 5.95pV/°C (R, S). It 
also has a 10mV/°C output which can be scaled to match 
any arbitrary thermocouple. 


The amplifier in the LTKO01 kit is available in an 8-pin plas- 
tic miniDIP for 0°C to 70°C operation and an 8-pin TO-39 
metal can for -55°C to +125°C operation. The com- 
pensator is available in 8-pin plastic miniDIP for 0°C to 
70°C operation and 8-pin ceramic miniDIP for -55°C to 
+ 125°C operation. 


For multiple thermocouple applications using one com- 
pensator, amplifiers may be ordered separately (LTKAOx), 
still matched to the compensator. 


For typical performance curves and applications circuits consult the 
LT1025 data sheet. 


Type K 10mV/°C Thermometer 


Ra* *Ra< 
LT1025 TEMPERATURES =0°C. 


Rat 
1009 255k 
FULL-SCALE TRIM 1% 


Vout 
10mv/°C 


V- 


On” R4 {S NOT REQUIRED (OPEN) FOR 


V- **SELECTED FOR 0°C-100°C RANGE. 


Fea guis 


LTKOOI 


ABSOLUTE MAXIMUM RATINGS 


Amplifier (LTKA0x) 
Supply Voltage (Total V+ toV—) .........eceeeseeuees 40V 
Differential input Current (Note 1)................ +10mA 
Common-Mode Input Voltage .......... Equal to Supplies 
Output Short Circuit Duration...............0005 Indefinite 
Compensator (LT1025) 
Supply Voltage (Vjy to Ground Pin)..............0.008 36V 
Output Voltage (Forced) .............ccceeeseeeeeenees 5V 
Output Short Circuit Duration.................. Indefinite 
Both Devices 
Operating Temperature Range 
LTKOO1AMU, LTKOOIMJ............06. ~ 55°C to 125°C 
LTKQO1ACN, LTKOQION ............. eee 0°C to 70°C 
Storage Temperature Range............. — 65°C to 150°C 


Lead Temperature Range (Soldering, 10 sec.)....... 300°C 


PACKAGE/ORDER INFORMATION 


ORDER 
PART NUMBER 
KIT 

LTKOO1CN 
LTKOO1ACN 


LTKOO1MJ 
LTKOO1AMJ 


AMPLIFIER ONLY 
(Note A) 


TOP VIEW 
wy, d 
3] 51.7nV/°C 


COMMO! 
PLASTIC O1P = HERMETIC DIP 
COMPENSATOR COMPENSATOR 
(171025) (LT1025) 


TOP VIEW 


Vog TRIM (1 § 18] Vos TRIM 


i LTKAQOCN8 


f6] OUT 
[5] OVER COMP 


LTKAO1CN8 


TOP VIEW 
Vos TRIM 


AMPLIFIER ONLY 
(Note A) 
LTKACOMH 
LTKAOIMH 


METAL CAN AMPLIFIER (LTKAQx) 
Note A: The polarity of the amplifier is indicated by the 0 or 1 in the part 
number. An LT1025 with a 0 identifier is properly matched with an LTKAQO 
while an LT1025 with a 1 identifier should be used with an LTKAQ1. 


ELECTRICAL CHARACTERISTICS — MATCHED AMPLIFIER 
AND COMPENSATOR 7 Vg = + 15V (Amplifier), Vs = 5V (Compensator) 


LTKOOIA LTKO01 
MIN TYP MAX 


PARAMETER MIN TYP MAX UNITS 

Total Temperature Error @25°C 0.75 25 °¢ 

(Note 2) 0.75 25 °C 

°C 

(Note 11) 5.0 5.0 °G 

Slope Error (Notes 3 and 8) 0°CsT)<70°C “yee. °C/°C 

0.06 0.09 °C/°C 

0.07 0.10 °C/°C 

0.28 0.32 C/G 

Total Temperature Error at 0°CsT\s70°C a ee °¢ 

Temperature Extremes (Note 8) 5 °G 

52 Ze 

55°C <7} < 125°C 85 °C 

85 °C 

83 9 °C 

(Note 11) 30 30 °C 

Temperature Error Change with 0.1 041 °CN 
Supply Voltage (Note 4) 

Supply Current a ee 

11-4 LT Wee 


LTKOO] 


ELECTRICAL CHARACTERISTICS 
COMPENSATOR (LT 025) Vg = 5V unless otherwise specified 


COMPENSATOR (LT1025) 
PARAMETER CONDITIONS MIN TYP MAX UNITS 
Temperature Error at 10mV/°C Output (Note 8) T)= 25°C LTKOO1A | | °C 
LTKOO1 | | 05 °C 
Full Temperature Span See Curve on LT1025 Data Sheet 
Temperature Error at Individual Outputs (Note 9) LTKOO1A eeet tf Eye) 
a Oe YS °C 
LTKOOt «Of EKT [| 0.8 24 96 
1.2 3.5 °C 
| Full Temperature Span [@|  SeeCurveontT1025DataSheet —_| 
Supply Current 4V <Viys36V 80 100 pA 
0°CsT}<70°C pA 
-55°C <1) < 126°C pA 
Change in Supply Current 4V <Viys36V pAN 
Line Regulation (Note 10) 4V <Viy<36V °CN 
10mV/°C Output 
Load Regulation (Note 10) O<Ios1mA ¢ 
10mV/°C Output 
Divider Impedance E kQ 
ka 
ka 
[RS | ka 


ELECTRICAL CHARACTERISTICS 
AMPLIFIER (LTKAOx) Vg = + 15V, Vom =0, Tj = 25°C, unless otherwise specified 


AMPLIFIER (LTKAOx) 
PARAMETER CONDITIONS MIN TYP MAX UNITS 
5 


Input Offset Voltage ee ee wv 
Input Offset Voltage Drift with Temperature (Note 5) ® 0.3 1 pVicC 
Input Bias Current 0°C<T,s70°C e +200 +600 pA 
— 55°C <T,< 125°C e +300 + 1500 pA 

Input Bias Current Drift with Temperature (Note 5) | @ | 1 5 palec 
Input Offset Current 0°C <T, 70°C ® +100 +500 pA 
— 58°C <T, < 125°C e +200 +700 pA 

input Offset Current Drift with Temperature (Note 5) CC ee ee 
Large Signal Voltage Gain R, = 10k0 }@| 400 2000 VvimV 
Common-Mode Rejection Ratio Vom = + 13.5V e 106 130 dB 
Power Supply Rejection Ratio | #25VsVss220V(Noted —@ | 06 dB 
Common-Mode Input Voltage Range Notes5and6 [ Abovev- ss | s[075 v 
10 V 

Output Voltage Swing (Notes 5 and) ee ee eee V 
Supplies | lor=tmA | 14 V 

Supply Current e 400 800 pA 
Supply Voltage Range Total V* toV~ Voltage e] 45 «| V 


LT WER ae 


LTKOO] 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: The inputs of the LTKAOx amplifier are clamped with diodes, so a 
differential voltage rating does not apply. 

Note 2: Total temperature error is the overall error at 25°C taking into 
account the offset of the amplifier, the offset at the compensator 10mV/°C 
output, and the error in the compensator divider network. Warmup drift is 
not included. 


Note 3: Slope error is the increase in total temperature error as ambient 
temperature is increased. It is guaranteed by design and by other tests, but 
is not tested directly. 

Note 4: This is a worst-case limit assuming that any or all supply voltages 
change. 

Note 5: Guaranteed, but not tested. 

Note 6: By referring common-mode range to the supplies, the range 
referred to ground can be quickly calculated for any given supply voltage. 
With a single 5V supply, for instance, which has a worst-case fow value of 
4,7N, the upper common-mode limit is 4.7V - 1V = 3.7V. The lower common- 
mode limit is OV + 0.75V = 0.75V. With + 15V supplies, the limits would be 
+14V and — 14.25V, respectively. Common-mode range has a temperature 
sensitivity of = 2mV/°C. 

Note 7: Absolute output voltage swing is calculated by subtracting the 


given limits from actual supply voltage. These limits indicate the point 
where offset voltage has changed suddenly by 5pV. 
Note 8: Temperature error is defined as the deviation from the following 
formula: 

Vout = a(T) + a8(T ~ 25°C? 

a= Typical thermoucouple Seebeck coefficient as follows, E=60.9,V/°C, 
J=51,7,V/°C, K, T= 40.6nV/°C, R, $= 5.95pV/°C, a = 10mV/°C at the 10mV 
output. 

B=Nonlinearity coefficient built into the LT1025 to help compensate for 
the nonlinearities of thermocouples. 6 = 5.5 x 1074, generating 0.34°C bow 
for 25°C temperature change, and 1.36°C bow for 50°C change. 

Note 9: Temperature error at the individual outputs is the sum of the 
10mV/°C output error plus the resistor divider error. 
Note 10: Line and load regulation do not take into account the effects of 
self-heating. Output changes due to self-heating can be calculated as 
follows: 

AVout (Line) = AVin(ly + load) (1 50°C) 

AVouyrt (Load) = (Alloag) (Vin) (150°C) 

|,=LT1025 supply current 

Load regulation is 30pA <Ig<1mA for T,<0°C. 
Note 11: Larger errors with type R and S thermoucouples are due mostly to 
35xV offset of the amplifier. This error can be reduced to 5zV max with the 
LTC1050 or LTC 1052 operational amplifiers. 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


H Package J Package N Package 
8 Lead TO-5 Metal Can 8 Lead Hermetic DIP 8 Lead Molded DIP 


(8,509—9,398) 
DIA 


0,305 - 0.335 
(7.747 —8,509) 


0.165—0.185 


‘i {4.791 — 4.699} 
REFERENCE 
‘SEATING cae ae PLANE 
PLANE on ~0.750 
0.010—0,045 Hil { Nl 270 1805) 
Wess) 38) | 0.016 0.021 
(0.406 — 0.533) 
TYP 
0.014 —0.026 
° Typ 4 0,027-0.045, (0.360—0.660) 
0.027-0.094 AN (0.686—.145) sone 
(0.965—1.727) 
9.200~ 0.230 
(5.080—6.642) 
BSC 


0.110 -0.160 
(2.794 - 4.064) 
WNSULATING 
‘STANDOFF 


NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN 
THE REFERENCE PLANE AND SEATING PLANE. 


Tmax | 8a 


0.385 20.025 
h-§ Ts a 


0.220-0.310 
(5.588 — 7.874) 


0.250 0.010 
(6.35020.364), 


0.130 + 0.005, 


0.045 —0.065 9.130 0.005, 
(3.302 0.127) 
0. 


(1,143 — 1.651) 


0.125 
als ne 
3175 0.045 + 0.015 
MIN (1.1434 0.381) 
0.100 0.010 0.100 0.010 0.018 + 0.003 
(2.540.4.0.254) (2.540 0,264) (0.457 0.076) 


0188 0188 


(7.620 —6.128) 


0,009—0.015, 
(0-229- 0.381) 


0.008-0.018 cise 


0.325 +0.025 


0.015 
+0.635' 
8,255 “hae 


Tax | % Tmax | %a 
450°C | 100°CAV 400°C _| 130°C 
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f } LIN LT1025 
TECHNOLOGY Micropower Thermocouple 
Cold Junction Compensator 


FEATURES 


® 80,A Supply Current 

® 4V to 36V Operation 

= 0.5°C Initial Accuracy (A Version) 

= Compatible with Standard Thermocouples 
(E, J, K, R, §, T) 

= Auxiliary 10mV/°C Output 


APPLICATIONS 


= Thermocouple Cold Junction Compensator 
= Centigrade Thermometer 
= Temperature Compensation Network 


DESCRIPTION 


The LT1025 is a micropower thermocouple cold junction 
compensator for use with type E, J, K, R, S, and T thermo- 
couples. It utilizes wafer level and post-package trimming 
to achieve 0.5°C initial accuracy. Special curvature correc- 
tion circuitry is used to match the “bow” found in all 
thermocouples so that accurate cold junction compensa- 
tion is maintained over a wider temperature range. 


The LT1025 will operate with a supply voltage from 4V to 
36V. Typical supply current is 804A, resulting in less than 
0.1°C internal temperature rise for supply voltages under 
10V. A 10mV/°C output is available at low impedance, in 
addition to the direct thermocouple voltages of 60.92V/°C 
(E), 51.7nV/°C (J), 40.3nV/°C (K, T) and 5.95pV/°C (R, S). All 
outputs are essentially independent of power supply 
voltage. 


A special kit is available (LTK001) which contains an 
LT1025 and a custom tailored thermocouple amplifier. The 
amplifier and compensator are matched to allow a much 
tighter specification of temperature error than would be 
obtained by adding the compensator and amplifier errors 
on a worst-case basis. The amplifier from this kit is avail- 
able separately as LTKAOx. 


The LT1025 is available in an 8 pin plastic miniDIP for tem- 
peratures between 0°C and 70°C. A ceramic miniDIP is 
also available for - 55°C to + 125°C operation. 


BLOCK DIAGRAM 


E 60.9uV/°C 


51. 7AVEEC 


K,T 40.6pV/°C 


BOW" 
CORRECTION 
VOLTAGE 
1omv/°c 
TEMPERATURE 
SENSOR 


*CORRECTS FOR BOW iN COLD JUNCTION, 
NOT IN PROBE (HOT JUNCTION) GNG 


RS Gu /°C 


R- COMMON 


Vp 10mv/*C 


ower 


TYPICAL APPLICATION 


Type K 10mV/°C Thermometer 


R2 Ra" 


1 
FULL-SCALE TRIM 1% 


“Ras hak -, R4 tS NOT REQUIRED (OPEN} FOR 
LT1025 TEMPERATURES 2 0°C. 

**SELECTED FOR 0°C-100°C RANGE. 

v- t TOR EQUIVALENT. SEE “AMPLIFIER CONSIDERATIONS'* 
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LT1025 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 
Input Supply Voltage..........c.cccceeeeeeeeeeeenes 


Output Voltage (Forced).........0.eeccceeerseseesees bai itt 
Output Short Circuit Duration.................5 J 
Operating Temperature Range - 
LT1025AC, LT1025C ......... ccc cece eee 71 a0.6.v/2c LT1025AMJ8 
LT1025AM, LT1025M.........00008: ; RS LT1025MJ8 


i) 
Storage Temperature Range........... Guv/°e LT1025ACN8 
Lead Temperature (Soldering, 10 sec) LT1025CN8 


J PACKAGE N PACKAGE 
HERMETIC DIP MOLDED DIP 


ELECTRICAL CHARACTERISTICS v,=5v, 1, =25°C, Pin5 tied to Pin 4, unless otherwise noted. 


PARAMETER CONDITIONS MIN TYP MAX UNITS 
Temperature Error at Ty =25°C 


10mV/°C Output (Notes 3, 4) LT1025A 0.3 0.5 °¢ 
LT1025 0.5 2.0 °C 
Full Temperature Span e See Curve 
Resistor Divider Accuracy Vour = 10mV/°C 
(Notes 1, 3) LT1025A 60.6 60.9 61.3 VIC 
51.4 51.7 52.1 NISC 
40.3 40.6 41.0 uN 
58 5.95 6.2 ViPS 
LT1025 60.4 60.9 61.6 VIC 
51.2 51.7 52.3 uIP 
40.2 40.6 41.2 eVPC 
5.75 §.95 6.3 vic 
Supply Current WV s Vy s36V 50 80 100 pA 
LT1025AC, LT1025C 50 150 pA 
LT1025AM, LT1025M 200 pA 
Line Regulation (Note 2) AV <Viys36V |e | 0.003 0.02 °C 
Load Regulation (Note 2) 0sIosimA }@ | 004 0.2 °C 
Divider Impedance E ka 
J ko 
K,T ko 
R,S 3.8 ko 
Change in Supply Current AV sVys36V |_| 0.01 0.05 aA 
The @ denotes the specifications which apply over the full operating Note 3: To calculate total temperature error at individual thermocouple 
temperature range. outputs, add 10mVi°C output error to the resistor divider error. Total error 
Note 1: Divider accuracy is measured by applying a 10.000V signal to for type K output at 25°C with an LT1025A is 0.5°C plus (0.4nV/°C) (25°C) / 
the output divider and measuring the individual outputs. (40.6nV/°C) = 0.5°C +0.25°C = 0.75°C. 
Note 2: Regulation does not include the effects of self-heating. See Note 4: Temperature error is defined as the deviation from the following 
“Internal Temperature Rise” in Application Guide. Load regulation is formula: Voyr = 10mV(T) + (10mV)5.5 x 10-4\T — 25°C)’, The second term is 
30nA Sloss 1mA for T, <0°C. a built-in nonlinearity designed to help compensate the nonlinearity of the 


cold junction. This “bow” is ~0.34°C for a 25°C temperature change. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


10mV/°C Output Temperature 


Error LT1025 Error LT1025A 


= 
S 


10mVI°C Output Temperature 


Supply Current 


DOES NOT INCLUDE 30%A 


[  PULL-DOWN CURRENT 
REQUIRED FOR TEMPERATURES 


| 
RANTEED LIMITS* — 
(71025 


BELOW 0°C 


TEMPERATURE ERROR (°C) 


CURRENT (uA) 


TEMPERATURE ERROR (°C) 
1S eo a2 ktNM ONY F&F @ & 


5 
50 2 


-23 0 25 50 75 100 125 
JUNCTION TEMPERATURE (°C) 


“ERROR CURVE FACTORS IN THE NONLINEARITY 
TERM BUILT IN TO THE LT1025. SEE THEORY OF 
OPERATION IN APPLICATION GUIDE SECTION. 


5 0 8 8 7 
JUNCTION TEMPERATURE (°C) 


t eeeees 
OPIN 5 
ol |_| PIN 4 TIED TO Pi 
0 


25 30 35 40 


100 125 10 15 20 
SUPPLY VOLTAGE (V) 


*ERROR CURVE FACTORS IN THE NONLINEARITY 
TERM BUILT IN TO THE LT1025. SEE THEORY OF 
OPERATION IN APPLICATION GUIDE SECTION. 


APPLICATION GUIDE 


The LT1025 was designed to be extremely easy to use, but 
the following ideas and suggestions should be helpful in 
obtaining the best possible performance and versatility 
from this new cold junction compensator. 


Theory of Operation 


A thermocouple consists of two dissimilar metals joined 
together. A voltage (Seebeck EMF) will be generated if the 
two ends of the thermocouple are at different tempera- 
tures. In Figure 1, iron and constantan are joined at the 
temperature measuring point T1. Two additional thermo- 
couple junctions are formed where the iron and con- 
stantan connect to ordinary copper wire. For the purposes 
of this discussion it is assumed that these two junctions 
are at the same temperature, T2. The Seebeck voltage, Vs, 
is the product of the Seebeck coefficient a, and the tem- 
perature difference, T1-T2; Vs=a(T1-T12). The junc- 
tions at T2 are commonly called the cold junction because 
a common practice is to immerse the T2 junction in 0°C 
ice/water slurry to make T2 independent of room tempera- 
ture variations. Thermocouple tables are based on a cold- 
junction temperature of 0°C. 


To date, IC manufacturers efforts to make microminiature 
thermos bottles have not been totally successful. There- 
fore, an electronically simulated cold-junction is required 
for most applications. The idea is basically to add a tem- 
perature dependent voltage to Vs such that the voltage 
sum is the same as if the T2 junction were at a constant 
0°C instead of at room temperature. This voltage source is 
called a cold junction compensator. Its output is designed 
to be OV at 0°C and have a slope equal to the Seebeck 
coefficient over the expected range of T2 temperatures. 
Tt i771 
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CONSTANTAN “ Cu 
LT1025 MUST BE LOCATED 


NEXT TO COLD JUNCTION 
FOR TEMPERATURE TRACKING 


Fe 7r~ Cu 
TEMPERATURE 
TO BE MEASURED 


Figure 1 


To operate properly, a cold junction compensator must be 
at exactly the same temperature as the cold junction of 
the thermocouple (T2). Therefore, it is important to locate 
the LT1025 physically close to the cold junction with local 
temperature gradients minimized. lf this is not possible, 
an extender made of matching thermocouple wire can be 
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used. This shifts the cold junction from the user termina- 
tion to the end of the extender so that the LT1025 can be 
located remotely from the user termination as shown in 
Figure 2. 


Fe oN AMPLIFIER 


“HOT” 
JUNCTION 1 
CN CN 
FRONT PANEL EXTENGER 


“'NEW”’ COLD 
CONNECTOR JUNCTION 


Figure 2 


The four thermocouple outputs on the LT1025 are 
60.9,V/°C (E), 51.7nViPC (J), 40.6.V/°C (K and T), and 
6yV/°C (R and S). These particular coefficients are chosen 
to match the room temperature (25°C) slope of the thermo- 
couples. Over wide temperature ranges, however, the 
slope of thermocouples changes, yielding a quasi-para- 
bolic error compared to a constant slope. The LT1025 
outputs have a deliberate parabolic “bow” to help com- 
pensate for this effect. The outputs can be mathematically 
described as the sum of a linear term equal to room tem- 
perature slope plus a quadratic term proportional to 
temperature deviation from 25°C squared. The coefficient 
(6) of the quadratic term is a compromise value chosen to 
offer improvement in all the outputs. 


Voyt=al + a(T - 25°? 
px5.5x 10-4 
The actual 8 term which would be required to best com- 
pensate each thermocouple type in the temperature range 
of 0°C to 50°C is: E, 6.6x 10-4 J, 4.8x 10-4 K, 4.3x 1074 
R, 1.9x 10-3, 1.9x 10-% T, 1x 10-3, 


The temperature error specification for the LT1025 
10mV/°C output (shown as a graph) assumes a £ of 
55x 10-4. For example, an LT1025 is considered 
“perfect” if its 10mV/°C output fits the equation 
Vo= 10mV(1) + (10mVV(5.5 x 10- 4)(T - 25°C). 


Operating at Negative Temperatures 


The LT1025 is designed to operate with a single positive 
supply. It therefore cannot deliver proper outputs for tem- 
peratures below zero unless an external pull-down resistor 
is added to the Vo output. This resistor can be connected 
to any convenient negative supply. It should be selected to 
sink at least 30xA of current. Suggested vaiue fora ~5V 


supply is 150kQ, and for a - 15V supply, 470k. Smaller re- 
sistors must be used if an external load is connected to 
the 10mV/°C output. The LT1025 can source up to 1mA of 
current, but there is a trade-off with internal temperature 
rise. 


Internal Temperature Rise 


The LT1025 is specified for temperature accuracy assum- 
ing no internal temperature rise. At low supply voltages 
this rise is usually negligible (~ 0.05°C @5V), but at higher 
supply voltages or with external loads or pull-down cur- 
rent, internal rise could become significant. This effect 
can be calculated from a simple thermal formula, 
AT=(8ja) (V*) (la tly), where Oya is thermal resistance 
from junction to ambient, (=~ 130°C/W), V+ is the LT1025 
supply voltage, Iq is the LT1025 supply current (~ 80yA), 
and | is the total load current including actual load to 
ground and any pull-down current needed to generate 
negative outputs. A sample calculation with a 15V supply 
and 50zA pull-down current would yield, (130°C) (15V) 
(80 + 50,A) = 0.32°C. This is a significant rise in some ap- 
plications. It can be reduced by lowering supply voitage (a 
simple fix is to insert a 10V zener in the Viy lead) or the 
system can be calibrated and specified after an initial 
warm-up period of several minutes. 


Driving External Capacitance 


The direct ther.nocouple drive pins on the LT1025 (J, K, 
etc.) can be loaded with as much capacitance as desired, 
but the 10mV/°C output should not be loaded with more 
than 50pF unless external pull-down current is added, or a 
compensation network is used. 


Thermocouple Eftects in Leads 


Thermocouple voitayes are generated whenever dissimilar 
materials are joined. This includes the leads of IC pack- 
ages, which may be kovar in TO-5 cans, alloy 42 or copper 
in dual-in-line packages, and a variety of other materials in 
plating finishes and solders. The net effect of these ther- 
mocouples is “zero” if all are at exactly the same tempera- 
ture, but temperature gradients exist within IC packages 
and across PC boards whenever power is dissipated. For 
this reason, extreme care must be used to ensure that no 
temperature gradients exist in the vicinity of the thermo- 
couple terminations, the LT1025, or the thermocouple am- 
plifier. if a gradient cannot be eliminated, leads shoutd be 
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positioned isothermally, especially the LT1025 R~ and 
appropriate output pins, the amplifier input pins, and the 
gain setting resistor leads. An effect to watch for is am- 
plifier offset voltage warm-up drift caused by mismatched 
thermocouple materials in the wire-bond/lead system of 
the IC package. This effect can be as high as tens of mi- 
crovolts in TO-5 cans with kovar leads. It has nothing to do 
with the actual offset drift specification of the amplifier 
and can occur in amplifiers with measured “zero” drift. 
Warm-up drift is directly proportional to amplifier power 
dissipation. It can be minimized by avoiding TO-5 cans, 
using low supply current amplifiers, and by using the low- 
est possible supply voltages. Finally, it can be accommo- 
dated by calibrating and specifying the system after a five 
minute warm-up period. 


Reversing the Polarity of the 10mV/°C Output 


The LT1025 can be made to “stand on its head” to achieve 
a minus 10mV/°C output point. This is done as shown in 
Figure 3. The normal output (Vo) is grounded and feedback 
is established between the ground pin and the positive 
supply pin by feeding both of them with currents while 
coupling them with a 6V zener. The ground pin will now be 
forced by feedback to generate - 10mV/°C as /ong as the 
grounded output is supplying a net “source” current into 
ground. This condition is satisfied by selecting R1 such 
that the current through Rt (I-) is more than the sum of 
the LT1025 supply current, the maximum load current (I), 
and the minimum zener current (~50yA). R2 is then 
selected to supply more current than |~. 


V+ (15V) 


Vour 
—10mv/°C 


V- (=15v) = 


Figure 3 


Riz V- es V+ ~Vz(=6V) 
300pA + IL V-IR1 + 280pA 
For + 15V supplies, with |, = 202A maximum, Ri = 47k and 
R2= 15k. 


Amplifier Considerations 


Thermocouple amplifiers need very low offset voltage and 
drift, and fairly low bias current if an input filter is used. The 
best precision bipolar amplifiers should be used for type J, 
K, E, and T thermocouples which have Seebeck coefficients 
of 40-60yV/°C. In particularly critical applications or for R 
and S thermocouples (6-15,V/°C), a chopper-stabilized am- 
plifier is required. Linear Technology offers three amplifiers 
specifically tailored for thermocouple applications. The 
LTKAOx is a bipolar design with extremely low offset 
(<35pV), low drift (< 1.5uV/°C), very low bias current (<1nA), 
and almost negligible warm-up drift (supply current is 
= 400,A). It is very cost effective even when compared with 
“jellybean” op amps with vastly inferior specifications. 


For the most demanding applications, the LTC1050 and 
LTC1052 CMOS chopper-stabilized amplifiers offer 5pV off- 
set and 0.05nV/°C drift (even over the full military tempera- 
ture range). Input bias current is 30pA, and gain is typically 
30 million. These amplifiers should be used for R and S 
thermocouples, especially if no offset adjustments can be 
tolerated, or a large ambient temperature swing is 
expected. 


Regardless of amplifier type, it is suggested that for best 
possible performance, dual-in-line (DIP) packages be used 
to avoid thermocouple effects in the kovar leads of TO-5 
metal can packages if amplifier supply current exceeds 
500uA. These leads can generate both DC and AC offset 
terms in the presence of thermal gradients in the package 
and/or external air motion. 


In many situations, thermocouples are used in high noise 
environments, and some sort of input filter is required. 
(See discussion of input filters). To reject 60Hz pick-up 
with reasonable capacitor values, input resistors in the 
10k-100k range are needed. Under these conditions, bias 
current for the amplifier needs to be fess than 1nA to avoid 
offset and drift effects. 


To avoid gain error, high open loop gain is necessary for 
single-stage thermocouple amplifiers with 10mV/°C or 
higher outputs. A type K amplifier, for instance, with 
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100mV/°C output, needs a closed loop gain of ~2,500. An 
ordinary op amp with a minimum open loop of 50,000 
would have an initial gain error of (2,500)/(50,000) = 5%! 
Although closed loop gain is commonly trimmed, tempera- 
ture drift of open loop gain will have a very deleterious ef- 
fect on output accuracy. Minimum suggested open loop 
gain for type E, J, K, and T thermocouples is 250,000. This 
gain is adequate for type R and S if output scaling is 
10mV/°C or less. 


Suggested Amplifier Types 


SUPPLY VOLTAGE 
THERMOCOUPLE + 18V 25V SINGLE SUPPLY 


E,J,K,T LTKAOx LTKAOx — LTC 1050 
171012 LT1012 LTC1052 
171001 L71001 LT1006 
LTC1050 
LTC1052 


L11006 


LTKAOx LTC1050 ~—- LTC 1050 
LT1012,—- LTC1052.-—- LTC1052 
LTKAOx —_LT1006 


Thermocouple Nonlinearities 


Thermocouples are linear over relatively limited tempera- 
ture spans if accuracies of better than 2°C are needed. 
The graph in Figure 4 shows thermocouple nonlinearity for 
the temperature range of 0°C-400°C. Nonlinearities can 
be dealt with in hardware by using offsets, breakpoints, or 
power series generators. Software solutions include look- 
up tables, power series expansions, and piece-wise ap- 
proximations. For tables and power series coefficients, 
the reader is referred to the ASTM Publication 470A. 


Hardware correction for nonlinearity can be as simple as 
an offset term. This is shown in Figure 5. The thermocou- 
ple shown in the figure has an increasing.slope (a) with 
temperature. The temperature range of interest is between 
TL and Th, with a calibration point at Ty. If a simple ampli- 
fier is used and calibrated at Ty, the output will be very 
high at T_ and very low at Ty. Adding the proper offset 
term and calibrating at 11/6 or T5/6 can significantly re- 
duce errors, The technique is as follows: 


1. Calculate amplifier gain: 


G= (SF) (TH- Ty)! (VH- Vu) 
SF = Output scale factor, e.g., 10mV/°C 
Vu = Thermocouple output @ TH 
VL = Thermocouple output @ T, 


—~SCALE + 


(Jo) WGNY f SdAL WOS YOUU 


ERROR FOR TYPE E AND T (°C) 


0 50 100 150 200 250 300 350 400 
TEMPERATURE (°C) 


Figure 4. Thermocouple 
Nonlinearity, 0°C-400°C 


ERROR BEFORE OFFSETT| 


< 
x 


t 
ERROR AFTER _} 
\ OFFSETTING 


i 
OFFSET AMPLIFIER ~ 
+ + 


OUTPUT (V) 


[sure AMPLIFIER 


ry 


+—_—i__| 
y- THERMOCOUPLE 


0 TT 11/6 


Ty 13/6 Ty 
TEMPERATURE {°C 


Figure 5. Offset Curve Fitting 


2. Use precision resistors to set gain or calibrate gain by 
introducing a precision “delta” input voltage and 
trimming for proper “delta” output. 


Lo) 


. Calibrate output by adding in a true offset term which 
does not affect gain (by summing, etc.). Calibration 
may be done at any temperature either by immersing 
the thermocouple in a calibrated bath or by substitut- 
ing a precision input voltage. The method which tends 
to minimize worst-case error over the whole T, to Ty 
range is to calibrate at 1/6 or 5/6 of span. This may be 
modified if best accuracy is desired at one particular 
point. 


Breakpoint correction for nonlinearity is more compli- 
cated than a simple offset, but a single breakpoint com- 
bined with offset will reduce errors typically by 4:1 over a 
simple offset technique. 
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APPLICATION CIRCUITS 


Eliminating Amplifier Feedback Resistors Type K Thermometer with Grounded Thermocouple 
(Output Goes Negative with Increasing Temperature) 


15V R3 
R2 255k 
1002 1% vt 


Your 
3k 4 —10mV/°C 


ce 
IF 
‘= TYPE K I 


* V~ " 
RAs 30uA IF OUTPUT MUST SINK CURRENT, R:. 


MUST BE DECREASED APPROPRIATELY. R4 IS NOT 
REQUIRED (OPEN) FOR 11025 TEMPERATURES 20°C 
WHEN SOURCING CURRENT ONLY. 


tt OR EQUIVALENT. SEE ‘‘AMPLIFIER CONSIDERATIONS" ttop EQUIVALENT. SEE ‘AMPLIFIER CONSIDERATIONS” 


Differential Thermocouple Amplitier Utilizing Negative LT1025 Drive to 
Accommodate Grounded Thermocouple* 


15V 


| ci" 


Vout 
10mv/°C 6v 


Type kt R7 

500 
FULL-SCALE 
TRIM 


OUT 
10mv/°C 
0°C-500°C 


= TYPEE L 


*SEE “REVERSING THE POLARITY OF THE 10mV/°C OUTPUT” 
ttor EQUIVALENT. SEE “AMPLIFIER CONSIDERATIONS” 


*C1 AND C2 FILTER RIPPLE AND NOISE, BUT WILL LIMIT AC COMMON-MODE REJECTION IF NOT 
MATCHED. SUGGESTED VALUES ARE 0.001pF TO 0.1pF. 


“USE LOWEST POSSIBLE SUPPLY VOLTAGE TO MINIMIZE INTERNAL TEMPERATURE RISE. 
TFOR BEST ACCURACY, THERMOCOUPLE RESISTANCE SHOULD BE LESS*THAN 1009. 
tTOR EQUIVALENT. SEE ‘AMPLIFIER CONSIDERATIONS” 
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Type S Thermocouple Amplifier with Ultra-Low Offset and Drift? 


Ro** 
1002 R3 

FULL-SCALE 909k 
TRIM 1% 


Vout 
tomv/°c 
800°C-1200°C 


~15V 


*TRIM RS FOR Voyr=1.669V@Viy=0.000mV (+!NPUT OF AMPLIFIER GROUNDED) 

**TRIM R2 FOR Vgyt=9.998V@T = 1000°C, OR FOR Viy@ + INPUT OF AMPLIFIER =9.585mV 

TTHIS AMPLIFIER HAS A DELIBERATE OFFSET TO ALLOW OUTPUT SLOPE (10mv/°C) TO BE SET 
INDEPENDENTLY FROM AN ARBITRARY HIGH TEMPERATURE CENTER POINT (1000°C). THIS 1S 
REQUIRED BECAUSE THE SLOPE OF TYPE *‘S’’ THERMOCOUPLES VARIES RAPIDLY WITH 
TEMPERATURE, INCREASING FROM 6pV/°C@25°C TO 11nV/°C@1000°C. NONLINEARITY LIMITS 
ACCURACY TO =3°C OVER THE 800°C TO 1200°C RANGE EVEN WITH OFFSET CORRECTION. 


Grounded Thermocouple Amplifier with Positive Output 


= TYPEJ* 


C2 


0.01 L 


“FOR BEST ACCURACY, THERMOCOUPLE RESISTANCE 
SHOULD BE LESS THAN 500. 


**SELECTED FOR 0°C TO 200°C RANGE. 
tt OR EQUIVALENT. SEE “AMPLIFIER CONSIDERATIONS” 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
8 Lead Hermetic DIP 
ory i 0.405 


*— fr0.287) 
| MAX 
[7] [6] 


N Package 
8 Lead Molded DIP 


0.400 
(10.160) 
MAX 
SORREEEEE 


0.025 
(0.635) 
RAD TYP —$—> 
0.250 0.010 
0.220-~-0.310 (6.350 + 0.254) 
(5.588 — 7.874) 
0.290 —-0.320 
(7.37 =8.13) 9.200 soacain 
0,055 (5.080) 0.300 0.320 0.045 —0.065 9.130 0.005, 
aor MAX (7620 —8.128) 1143— 1.651) (3.302 40.127) 
065, 0.020 
bees 0.015—0.060 aah (0.508) 
(0.381 — 1.524) Tye a=! MIN 
0,008 -0.018 
ae a 0°-15° 0,009~0.015 0025 
(0-203 — 0.460) 
( i (0229-0381) 3175} 
MIN 
fug-— 9.385.0.025 0.014—0.026 | 0.125 0.328 0.015 0,045.0.015 
(9.779 + 0.635) (0.360 — 0.660) 3075 fg.255 * 9-638 (7143 + 0.381) 
IN 0.381 0.100 «0.010 (0.018 40.003. 
0.038 ~0.068 hs 0.100 + 0.010 (2.540 + 0.254) {0.457 0.076) 
(0.965 - 1.727) (2.540 + 0.254) ‘oe 


28188 


TimAX 8 
150°C _| 100°C 


JMAX iA 
700°C | 130°CW 
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TECHNOLOGY Dual Precision Instrumentation 
Switched-Capacitor Building Block 


FEATURES DESCRIPTION 
# Instrumentation Front End with 120dB CMRR The LTC1043 is a monolithic, charge-balanced, dual 
@ Precise, Charge-Balanced Switching switched-capacitor instrumentation building block. A 
= Operates from 3V to 18V pair of switches alternately connects an external capaci- 
@ Internal or External Clock tor to an input voltage and then connects the charged ca- 
= Operates up to SMHz Clock Rate pacitor across an output port. The internal switches have 
= Low Power a break-before-make action. An internal clock is provided 
® Two Independent Sections with One Clock and its frequency can be adjusted with an external capac- 
itor. The LTC1043 can also be driven with an external 
CMOS clock. 
The LTC1043, when used with low clock frequencies, 
APPLICATIONS provides ultra precision DC functions without requiring 
= Precision Instrumentation Amplifiers precise external components. Such functions are dif- 
® Ultra Precision Voltage Inverters, Multipliers and ferential voltage to single-ended conversion, voltage in- 
Dividers version, voltage multiplication and division by 2, 3, 4, 5, 
m \-F and F~V Converters etc. The LTC1043 can also be used for precise V-F and 
= Sample and Hold F-V circuits without trimming, and it is also a building 
= Switched-Capacitor Filters block for switched-capacitor filters, oscillators and 
modulators. 


The LTC 1043 is manufactured using Linear Technology's 
enhanced LTCMOS™ silicon gate process. 


Instrumentation Amplifier CMRR vs Frequency 


CMRR (dB) 


DIFFERENTIAL 
INPUT 


1k 10k 100k 
FREQUENCY OF COMMON-MODE SIGNAL 


CMRR> 120dB AT DC 
CMRR> 1200B AT 60Hz 
DUAL SUPPLY OR SINGLE 5V 
GAIN=1+R2/R1 
Vos = 150uV 
AMS = ayy 706 

AT 


TM COMMON-MODE INPUT VOLTAGE INCLUDES THE SUPPLIES 
LTCMOS'™ is a trademark of Linear Technology Corporation 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


ORDER PART 

Supply Voltage (Vt tOV—). 0.0... 0. cece eee 18V $38 NUMBER 
Input Voltage ve 

atAnyPin......... V~ —0.3V<Vin sVt +0.3V FS) Cosc 
Operating Temperature Range S4B 

LTC1043C .............-. —40°C <Ta =85°C SAA LTC1043CN 

LTC1043M ...........05. —55°C <Ta < 125°C 53a LTC1043MD 
Storage Temperature Range ....... —65°C to 150°C Cx 
Lead Temperature (Soldering, 10sec.)........ 300°C Cit 


SHa 


ELECTRICAL CHARACTERISTICS v+ =10v, v— =ov, T,=25°C unless otherwise specified. 


+ 
4 
SYMBOL | PARAMETER CONDITIONS Prete LIGASE UNITS 
j MIN TYP MAX | MIN TYP MAX 
Is Power Supply Current Pin (16) Connected High or Low 0.25 0.4 0.25 0.4 mA 
e 0.7 0.7 mA 
Cose (Pin 16 to V~) = 100pF 0.4 0.65 0.4 0.65 mA 
e 1 1 mA 
{; OFF Leakage Current Any Switch, Test Circuit 1 (Note 1) 6 100 6 100 pA 
e 6 500 6 nA 
Ron ON Resistance Test Circuit 2, Viy=7V, |= £0.5mA 240 400 240 400 Q 
Vt =10V, V7 =0V e 700 700 Q 
Ron ON Resistance Test Circuit 2, Viy=3.1V, f= +:0.5mA 400 720 400 700 2 
Vt =5V, V7 =0V o 1 1 kQ 
fosc Internal Oscillator Frequency Coge (Pin 16 to V~) =OpF 185 185 kHz 
Cogc (Pin 16 to V~) = 100pF 20 34 50 20 34 50 kHz 
Test Circuit 3 @) 15 75 15 75 kHz 
Pin Source or. Sink Current Pin 16 at V* or V~ 40 70 40 70 LA 
e 100 100 pA 
Break-Before-Make Time 
Clack to Switching Delay Coge Pin Externally Driven 75 | 75 as 
fy Maximum External CLK Frequency | Cogc Pin Externally Driven with CMOS 5 5 MHz 
Levels 
CMRR | Common-Mode Rejection Ratio Vt =5V, V7 = —5V, —5V<Voy<5V, DC 120 120 dB 
to 400Hz 
The @ denotes the specifications which apply over the full operating Note 1: OFF leakage current is guaranteed but not tested at 25°C. 


temperature range: LTC1043M operates from —55°C =T, = 125°C; 
LTC1043C operetes from — 40°C <T, = 85°C. 
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TYPICAL PERFORMANCE CHARACTERISTICS (test circuits 2 through 4) 


Power Supply Current vs 
Power Supply Voltage 


SUPPLY CURRENT (mA) 


8 10 12 14 16 18 20 
Vsupecy (V) 


Ron VS Vin 


Row (PEAK) 


Fit TT iA 


0 2 4 6 8 10 12 14 16 18 20 


Vin (V) 


Oscillator Frequency, fosc, 
vs Cosc 


0 2k 4k 6k 8k 10k 
Cosc (PF) 


Ron VS Vin 


Row (PEAK) 


Vin (V) 


Ron (Peak) vs Power Supply 
Voltage 


fuuina see 


Vsuppty (V) 


Oscillator Frequency, fosc, 
vs Supply Voltage 


0 2 4 6 


8 10 12 14 16 18 20 
VSUPPLY (V) 


Ron Vs Vin 


3°94 5 6 7 
Vin (V) 


Ron (Peak) vs Power Supply 
Voltage and Temperature 


Vsupety (V) 


Normalized Oscillator 
Frequency, fosc, vs Supply 
Voltage 


OSCILLATOR FREQUENCY 
NORMALIZED TO fggo AT SV SUPPLY 


6 8 10 12 14 16 18 20 


Vsuppty (V) 


nen 
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TYPICAL PERFORMANCE CHARACTERISTICS (test circuits 2 through 4) 


Oscillator Frequency, fosc, VS Cosc Pin Isink, lsource VS Break-Before-Make Timea, thoy, 
Ambient Temperature, Ta Supply Voltage vs Supply Voltage 
3 
Fa 
[-=4 
s 
o 
Fa zg 
s E: 
2 
8 
100 
—-50 -25 0 2 50 75 100 125 0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18 20 
AMBIENT TEMPERATURE (°C) Vsupety (V) 


BLOCK DIAGRAM 


THE CHARGE BALANCING CIRCUITRY SAMPLES THE VOLTAGE 
AT S3 WITH RESPECT TO S4 (PIN 16 HIGH) AND INJECTS A 
SMALL CHARGE AT THE C + PIN (PIN 16 LOW). 

THIS BOOSTS THE CMRR WHEN THE LTC1043 IS USED AS AN 
INSTRUMENTATION AMPLIFIER FRONT END. 

FOR MINIMUM CHARGE INJECTION IN OTHER TYPES OF 
APPLICATIONS, $3A AND S3B SHOULD BE GROUNDED. 


THE SWITCHES ARE TIMED AS SHOWN WITH PIN 16 HIGH 


a E 
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NS ARES a SS SES 


TEST CIRCUITS 


, 15) 


NOTE: 10 OPEN SWITCHES 
St AND S3 
SHOULD BE CONNECTED 
to V-. TO OPEN S2, S4, 


Cogc PIN SHOULD BE (11, 12, 2, 3) 
TO V+. Cosc 100A to re ({@ 
CURRENT SOURCE 
Test Circuit 1. Leakage Current Test Test Circuit 2. Ron Test 


(TEST PIN) [2] 


taf CAPACITORS ARE 
NOT ELECTROLYTIC 


V~<VemsVt 


Test Circuit 3. Oscillator Frequency, fosc ae tiie, (ot) 


NOTE: FOR OPTIMUM CMAR, THE Cogc SHOULD 
BE LARGER THAN 0.0047F, AND 
THE SAMPLING CAPACITOR ACROSS 
PINS 11 AND 12 SHOULD BE PLACED 
OVER A SHIELD TIED TO PIN 10. 


Test Circuit 4. CMRR Test 


APPLICATIONS INFORMATION 
Common-Mode Rejection Ratio (CMRR) 


The LTC1043, when used as a differential to single-ended 
converter (Figure 1) rejects common-mode signals and 
preserves differential voltages. Unlike other techniques, 
the LTC1043’s CMRR does not degrade with increasing Yb 
common-mode voltage frequency. During the sampling 
mode, the impedance of pins 2, 3 (and 11, 12) should be 
reasonably balanced, otherwise, common-mode signals 


will appear differentially. The value of the CMRR depends Vom = 

on the value of the sampling and holding capacitors (Cs , L 

Cy) and on the sampling frequency. Since the common- Gg, Cy ARE MYLAR OR POLYSTYRENE 

mode voltages are not sampled, the common-mode signal 

frequency can well exceed the sampling frequency without Figure 1. Differential to Single-Ended Converter | 


experiencing aliasing phenomena. The CMRR of Figure 1 
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APPLICATIONS INFORMATION 


is measured by shorting pins 7 and 13 and by observing, 
with a precision DVM, the change of the voltage across Cy 
with respect to an input CM voltage variation. During the 
sampling and holding mode, charges are being transferred 
and minute voltage transients will appear across the 
holding capacitor. Although the Ron on the switches is low 
enough to allow fast settling, as the sampling frequency in- 
creases, the rate of charge transfer increases and the 
average voltage measured with a DVM across it will in- 
crease proportionally; this causes the CMRR of the sam- 
pled data system, as seen by a ‘‘continuous’’ instrument 
(DVM), to decrease, Figure 2. 


Switch Charge Injection 


Figure 3 shows one out of the eight switches of the 
LTC1043, configured as a basic sample and hold circuit. 
When the switch opens, a ‘‘hold step’’ is observed and its 
magnitude depends on the value of the input voltage. 
Figure 4 shows charge injected into the hold capacitor. For 
instance, a 2pCb of charge injected into a 0.01 »F capacitor 
causes a 200nV hold step. As shown in Figure 4, there is a 
predictable and repeatable charge injection cancellation 
when the input voltage is close to half the supply voltage of 
the LTC 1043. This is a unique feature of this product, con- 
taining charge-balanced switches fabricated with a self- 
aligning gate CMOS process. Any switch of the LTC1043, 
when powered with symmetrical dual supplies, will 
sample and hold small signals around ground without any 
significant error. 


~s tig 
Bis 
ie 


CMR (dB) 


ill 


100 1k 10k 
foge (Hz) 
Figure 2. CMRR vs Sampling 
Frequency 


Shielding the Sampling Capacitor for Very High CMRR 


Internal or external parasitic capacitors from the C* pin(s) 
to ground affect the CMRR of the LTC 1043, (Figure 1). 
The common-mode error due to the internal junction ca- 
pacitances of the C+ pin(s) 2 and 11 is cancelled through 
internal circuitry. The C+ pin, therefore, should be used 
as the top plate of the sampling capacitor. The interpin 
capacitance between pin 2 and dummy pin 1 (11 and 10) 
appears in parallel with the sampling capacitor so it does 
not degrade the CMRR. A shield placed underneath the 
sampling capacitor (Figure 5) and connected to either pin 1 
or 3 helps to boost the CMRR in excess of 120dB. 


Excessive external parasitic capacitance between the C— 
pins and ground indirectly degrades CMRR; this 
becomes visible especially when the LTC1043 is used 
with clock frequencies above 2kHz. Because of this, if a 
shield is used, the parasitic capacitance between the 
shield and circuit ground should be minimized. 


it is recommended that the outer plate of the sampling 
capacitor be connected to the C~ pin(s). 


Input Pins, SCR Sensitivity 


Aninternal 600 resistor is connected in series with the in- 
put of the switches (pins 5, 6, 7, 8, 13, 14, 15, 18) andit 
is included in the Ron specification. When the input 
voltage exceeds the power supply by a diode drop, cur- 
rent will flow into the input pin(s). The LTC1043 will not 


= SAMPLE 


Figure 3 
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APPLICATIONS INFORMATION 


latch until the input current reaches 2mA-3mA. The 
device will recover from the latch mode when the input 
drops 3V~4V below the voltage value which caused the 
latch. For instance, if an external resistor of 2009 is con- 
nected in series with an input pin, the input can be taken 
1.3V above the supply without latching the IC. The same 
applies for the C+ and C— pins. 


Cosc Pin (16), Figure 6 


The Cosc pin can be used with an external capacitor, 
Cosc,, connected from pin 16 to pin 17, to modify the in- 
ternal oscillator frequency. If pin 16 is floating, the inter- 
nal 24pF capacitor plus any external interpin capacitance 
set the oscillator frequency around 190kHz with +5V 
supply. The typical performance characteristics curves 
provide the necessary information to set the oscillator fre- 


ICHARGE INJECTION (pCb)| 


0 2 4 6 8 
Vin (VY) 


Figure 4. Individual Switch 
Charge Injection vs input 
Voltage 


10 12 «#14 «#16 


quency for various power supply ranges. Pin 16 can also 
be driven with an external clock to override the internal 
oscillator. Although standard 7400 series CMOS gates do 
not guarantee CMOS levels with the current source and 
sink requirements of pin 16, they will in reality drive the 
Cosc pin. CMOS gates conforming to standard B series 
output drive have the appropriate voltage levels and more 
than enough output current to simultaneously drive sev- 
eral LTC1043 Cosc pins. The typical trip levels of the 
Schmitt trigger, Figure 6, are given below. 


TRIP LEVELS 
Vy =3.4V VL =1.35V 
Vu =6.5V Vi =2.8V 
Vu =9.5V VL=4.1V 


Vt =5V, V- =0V 
V+ =10V, V- =0V 
vt =15V, V- =0V 


OUTSIDE FOIL 


prcccsscne 


BOARD AREA 
Figure 5. Printed Circuit Board Layout Showing Shielding 
the Sampling Capacitor 


vt 


TO CLK GENERATOR 


(24pF} 
(24pF + Cosc) 


fos¢=190kHz x 


Figure 6. Interna! Oscillator 
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Divide by 2 Multiply by 2 Ultra Precision Voltage Inverter 
Vour= Vour= 
vn Vin/2 -ViN 
1a aE 
Vin 
0.01pF 0.01pF 
= = VouT= — Vin 2ppm 
Vour=Vin/2 1ppm Vout=2Vin=5ppm OuT IN 
OaVysV+ O<Viy<Vt/2 V-<Vin<Vt 
3sVt <18V 3sV+s18V V+=+5V, V-=—-5V 
Precision Multiply by 3 Precision Multiply by 4 Divide by 3 
Vin 
VIN 
7 Vout 
Vout - 
Tar 
= AF 
O.0ipF = 0.01pF 
= Vour=4Vin = 40ppm Vout=Vin/3+ 3ppm 7 

Vout =3Vin= 10ppm OUT= VIN 

0<Vin<V+/3 eae 0<VysV+ 

W<V+ <18V 
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Divide by 4 0.005% V — F Converter 


LT1009 


Vin 


pF 


four: OkHz TO 15kHz 


= MN xo 
tour Ray VREF A 
Vout 
Vin 
OV-3V 
WF 
O<Vysvt = —5V = 
Vour=Vin/4 + Sppm 
0.01% Analog Multiplier 
—5V 
L71004-1.2V 
Yinput: 
Xinpur 
QUTPUT = 
XY £0.01% 


OPERATE LTC1043 FROM +: 5V 
+POLYSTYRENE, MOUNT CLOSE 
*1% FILM RESISTOR 

ADJUST OUTPUT TRIM Lr 
a7 1wF = SOX © Y=OUTPUT 0.01% = 


2N2907A 
(FOR START-UP) 


-vV 
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Voltage Controlled Current Source with 
Single 5V Supply, Ultra Precision Instrumentation Amplifier Ground Referred Input and Output 


+5V 


OUTPUT 
Ay=1000 


INPUT 


Vt=5V 


10k 
1Ng14 tuk 


NON-POLARIZED 1002 


= —0.5V 


INPUT AND OUTPUT VOLTAGE RANGE INCLUDES GROUND. 


45y_ INPUT REFERRED OFFSET ERROR 1S TYPICALLY 34V WITH 
1pV OF NOISE 


CMRR = 120dB 


OPERATES FROM A SINGLE 5V SUPPLY 


Precision Instrumentation Amplifier 


+5V 


pc 
CHOPPER QUTPUT 
AC AMPLIFIER PHASE AMPLIFIER 
SENSITIVE ig 
DEMODULATOR 


OUTPUT 


— INPUT R2 


OFFSET = 10nV 

DRIFT =0.14V/°C 

FULL DIFFERENTIAL INPUT 
CMRR =1400B 

OPEN LOOP GAIN > 10° 
GAIN =R2/R1 +1 

Ibias = 10 
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APPLICATIONS 


Lock-tn Amplifier (= Extremely Narrow-Band Amplifier) 


THERMISTOR BRIDGE SYNCHRONOUS 
4S THE SIGNAL SOURCE DEMODULATOR 
Se 
XS wv 


50QHz 


11 
SINE DRIVE 4 , 


Vout =1000 x DC 
BRIDGE SIGNAL 


30pF 


1" 


Tt=TF5SX172Z, TOROTEL 
Ry=YSI THERMISTOR 44006 
=6.19k AT 37.5°C 
“MATCH 0.05% 
6.19k =VISHAY S-102 
OPERATE LTC 1043 WITH 
4: 5V SUPPLIES 


LOCK-IN AMPLIFIER TECHNIQUE 
USED TO EXTRACT VERY SMALL SIGNALS 
BURIED INTO NOISE. 


ZERO CROSSING DETECTOR 


5O0MHz Thermal rms DC Converter 


+5V 


CALIBRATION ADJUST 


OC OUTPUT 
OV-3.5V 


2% ACCURACY-DC-50MHz 
100:1 CREST FACTOR CAPABILITY : 
* T1-T2 = YELLOW SPRINGS INST. CO. THERMISTOR COMPOSITE 
Un ResIstoe ENCLOSE T1 AND T2 IN STYROFOAM 
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APPLICATIONS Quad Single 5V Supply, Low Hold Step, Sample and Hold 


= 


FOR 1V <Vins4V, THE HOLD STEP 1S <300pV. 
ACQUISITION TIME ~8 x Roy Cy FOR 10-BIT ACCURACY. 


Single Supply Precision Linearized Platinum RTD Signal Conditioner 
(LINEARITY CORRECTION LOOP) 


OV-4V =0°C-400°C 
+0.05°C 


Rp=ROSEMOUNT 118MFRTO 
*4% FILM RESISTOR 

TRIM SEQUENCE: 
SET SENSOR TO 0°C VALUE. ADJUST ZERO 
FOR OV OUT. SET SENSOR TO 100°C VALUE. 
ADJUST GAIN FOR 1,000V OUT. SET SENSOR 
TO 400°C VALUE. ADJUST LINEARITY FOR 4.000V OUT. 
REPEAT AS REQUIRED. 
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0.005% F — V Converter 
R2 


—— 
10k 

75k* GAIN TRIM 
y 


Vin=—-5V 
OV-3V OUTPUT 


Vout =(R2 fs Vin} tin 


{y= FREQUENCY IN 


0-30kHz “75k =TRW # MTR-5/ + 120ppm 


High Frequency Clock Tunable Bandpass Filter 


Vin 


CLOCK 
INPUT 


RO= 10k 


BANDPASS CENTER FREQUENCY fo= ik x fe 
BANOPASS GAIN AT fo {S: Ro/Riy 
Rg fR2 
O=ROV RI 
fo Maxs 100kHz 
Owax AT 100KHz fo IS << 10 


(fo x0) MAX ss 1MHz 
toLk MAXS3MHz, Q<2 
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APPLICATIONS Frequency-Controlled Gain Amplifier 


7 
194 : A 1 
GAIN CONTROL “iste 
0-10kH2=——f a 
GAIN 0-100 A 
y ea al fie a 
Vin 
0.014F 
+5 
21 NU 
FOR DIFFERENTIAL INPUT, GROUND PIN 8A AND USE PINS 13 AND 7A FOR INPUTS. 71056 
fy x0.01 
GAIN =O GAIN IS NEGATIVE AS SHOWN. a 
“FOR SINGLE-ENDED INPUT AND POSITIVE GAIN, GROUND PIN 8A AND USE PIN 7A FOR INPUT. 
USE 2 5V SUPPLIES FOR LTC1043. = ey 


Relative Humidity Sensor Signal Conditioner 


0.01pF 


SENSOR 


10k 
5% RH TRIM 


*=1% FILM RESISTOR 


SENSOR =PANAMETRICS #RHS 
2 500pF AT RH= 76% 
1.7 pF/%RH 


1k* 
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Linear Variable Differential Transformer (LVDT), Signal Conditioner 


YEL-BLK 


OUTPUT 
AMPLITUDE STABLE 


SINE WAVE SOURCE 


LVDT = SCHAEVITZ E-100 


TO PIN 16, LTC1043 


-SV 


Precision Currant Sensing in Supply Rails 


SHUNT CAN BE Ww 

IN POSITIVE OR ———_ 
NEGATIVE SUPPLY 
LEAD 
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LTC1043 
PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


D Package 
18 Lead Side Brazed 
0.910 
(23,114) 
MAX 


9.165 0.485 8 
(4.191) EETTT 
MAX (12.319) 
MAX 


0.020 —0.060 
0.125 (0.508 — 1.524) 
(3.175) 
MIN 


0.008--0.015 0.050 + 0,010 _»| | 0.100 + 0.010. 0.054 
(0.203-0.381) (1.270 + 0.254) (2.540 0.254) (1.372) 
0.300 0.015 0.023 INP 
(7.620) (0.381 0.584) 
REF 18168 


a 
LTC1043MD 150°C 100°C/W 
Ltc1043co 150°C 100°C/W 


N Package 
18 Lead Plastic DIP 


0.250 + 0.010 
(6.350 + 0,254) 


0.300 —-0.320 0.065 
(7.620 — 8,128) (1.651) 0.045 - 0.065 
TyP (1.143 - 1.651) 
— 0.020 
0.130 «0.005 (0.508) 


(3.302 0.127) 
} 0.125 A 


(3.175) 


MIN 
9.009 0.015 |, 9.100:0.010, 0.1004 0.010 
(0.228 0.381) (2.540 40.254) 
+0.025 0,045 + 0.015 0.018 + 0.003 
0.325 _ a gi5 (1.143 + 0.381) (0.457 +.0.076) 
0.635 
(0.255 795) 


N18198. 
eee ee ee 
LTCAD430N 400°C/W 
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TECHNOLOGY Dual Precision Instrumentation 
Switched-Capacitor Building Block 


y 


FEATURES DESCRIPTION 
a# Instrumentation Front End with 120dB CMRR The LTC1043 is a monolithic, charge-balanced, dual 
= Precise, Charge-Balanced Switching switched-capacitor instrumentation building block. A 
@ Operates from 3V to 18V pair of switches alternately connects an external capaci- 
®@ Internal or External Clock tor to an input voltage and then connects the charged ca- 
® Operates up to 5MHz Clock Rate pacitor across an output port. The internal switches have 
@ Low Power a break-before-make action. An internal clock is provided 
= Two Independent Sections with One Clock and its frequency can be adjusted with an external capac- 
itor. The LTC1043 can also be driven with an external 
CMOS clock. 
The LTC1043, when used with low clock frequencies, 
APPLICATIONS provides ultra precision DC functions without requiring 
= Precision Instrumentation Amplifiers precise external components. Such functions are dif- 
= Ultra Precision Voltage Inverters, Multipliers and ferential voltage to single-ended conversion, voltage in- 
Dividers version, voltage multiplication and division by 2, 3, 4, 5, 
= V-F and F-V Converters etc. The LTC1043 can also be used for precise V-F and 
= Sample and Hold F-V circuits without trimming, and it is also a building 
® Switched-Capacitor Filters block for switched-capacitor filters, oscillators and 
modulators. 


The LTC 1043 is manufactured using Linear Technology’s 
enhanced LTCMOS™ silicon gate process. 


Instrumentation Amplifier CMRR vs Frequency 


+5V 


CMRR (dB) 


DIFFERENTIAL, 
INPUT 


k 10k 100k 
FREQUENCY OF COMMON-MODE SIGNAL 


CMRR> 120dB AT DC 
CMRR> 12008 AT 60HZ 
DUAL SUPPLY OR SINGLE 5V 
~-~--~—— ~! GAIN=1+R2/R1 
Vos = 150nV | 
ANS ~ a,v/e0 

at | 

COMMON-MODE INPUT VOLTAGE INCLUDES THE SUPPLIES 


utcmos™ is a trademark of Linear Technology Corporation 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage .........cccceceteeeeeeecneeeeeeee es 18V TOP VIEW | ORDER PART 
input Voltage NUMBER 
atAnyPin ........cceceeeeeee ~0.3V<sVinsVt +0.3V 
Operating Temperature Range......... — 40°C <T, <85°C LTC1043¢8 
Storage Temperature Range............. ~ 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.).............. 300°C 
PART MARKING 
aaa LTC1043CS 
PLASTIC SOL 


ELECTRICAL CHARACTE RISTICS v: = 10V, V~ = 0V, Ty =25°C unless otherwise specified. 


LTC1043C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Ig Power Supply Current Pin 16 Connected High or Low 0.25 0.4 mA 
e 0.7 mA 
Coge (Pin 16 to V~) = 100pF 04 0.65 mA 
e 1 mA 
4 OFF Leakage Current | Any Switch, Test Circuit 1 (Note 1} 6 100 pA 
e 6 nA 
Ron ON Resistance Test Circuit 2, Viy=7V, i= +0.5mMA 240 400 9 
; V*=10V,V~ =0V 700 0 
Ron ON Resistance Test Circuit 2, Viy=3.1V,1= +0.5mA 
vt =5V,V~ =0V 
ri AC tae SIG EATEN 
fosc Internal Oscillator Frequency Coge (Pin 16 to V-) = OpF 
Cosc (Pin 16 to V~) = 100pF 
Test Circuit 3 
losc Pin Source or Sink Current Pin 16 at V* or V~ 
Break-Before-Make-Time 
Clock to Switching Delay Cogc Pin Externally Driven 
fu Maximum External CLK Frequency Coge Pin Externally Driven with CMOS Levels 5 MHz 
CMRR Common-Mode Rejection Ratio Vt =5V, V7 = -5V, -5V<Voy<5V, DC 120 dB 
_ | to 400Hz At: 


The @ denotes specifications which apply over the full operating 
temperature range. LTC 1043 operates from — 40°C: <7, <85°C. 


Note 1: OFF leakage current is guaranteed but not tested at 25°C. 


11-32 LY We 


LINEAR moet 


TECHNOLOGY Wideband RMS-DC Converter 


LI 


FEATURES 


@ 300MHz 3dB Bandwidth 

® 1% Accuracy DC-50MHz 

= 2% to 100MHz 

= Bandwidth Flat Over Input Voltage Range 
= 50:1 Crest Factor 

= 20:1 Dynamic Range 

@ 35V Peak Input 

® Thermally Based Operation 

@ Fully Specified Thermal and Electrical Parameters 
= Standard IC Packages 

® Resistive Inputs 


APPLICATIONS 


= Wideband RMS Voitmeters 

= RF Leveling Loops 

® Wideband AGC 

= High Crest Factor Measurements 
® SCR Power Monitoring 


Building Block 


DESCRIPTION 


The LT1088 is a thermally based RMS-DC converter build- 
ing block. It converts the input waveform to heat. Using ex- 
ternal circuitry, the thermal signal is expressed as a DC 
output voltage. 


LTC’s proprietary thermal packaging process permits 
accurate thermal signal processing in a standard IC pack- 
age. The thermal method provides far greater bandwidth 
than RMS converters based on logarithmic computing 
techniques. The LT1088’s high voltage breakdown allows 
crest factor measurements of 50:1 and operation over a 
20:1 input dynamic range. Resistive inputs of 509 or 2500 
accommodate drive from a wide variety of sources. 


Simplified RMS-DC Converter 


yt 


THERMALLY 


THERMAL 
BARRIER 


Accuracy vs Frequency (500 Input) 


0 20 


40 80 
INPUT FREQUENCY (MHz) 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Voltage on Any Pin...........eecsee eee V- +40V toV- ToP VIEW 

Voltage from Channel Ato ChannelB............64+ 100V ORDER PART 

Reverse Diode Voltage............cscceeseecerenenes 3.5V NUMBER 

Forward Diode Current.............0:ceceeseeeenees 15mA 

Input Power (25°C). ........cceceseseeeeeeeeeeeaee 0.375W 

Peak Input Power (30S@C) .........csseeceenenees 0.435W LT1088CD 
Derate Power at - 3mW/°C above 25°C LT1088CN 

Maximum Die Temperature. ........0:c:scceeeeeeee 150°C 

Peak Die Temperature (30 SeC)............20c eevee 176°C 

Functional Temperature Range.......... ~ 55°C to 125°C 

Operating Temperature Range............ - 40°C to 85°C 

Lead Temperature (Soldering, 10sec) .............. 300°C 


D PACKAGE N PACKAGE 
14-LEAD SIDEBRAZED CERAMIC DIP 14-LEAD PLASTIC DIP 


ELECTRICAL CHARACTERISTICS Ta=25°C, unless otherwise noted (See Note 1) 


PARAMETER [ conpmions |WIN, OTYP MAX UNITS 

Input Heaters 

500 Input eae ee eee on ee 60 a 

2500 Input PP —C(i‘“‘(C;C*rCd 800 a 

500 Temperature Coefficient Co —CCidT @ T2000 pin 

2500 Temperature Coefficient TC —TCTCsdT@ 200 pie 

500 Temperature Coetficient Match [inputAtoinputB sf | 500m 

2500 Temperature Coefficient Match PinputAtoinputB | 00m 
2500 Inputs 2 10 % 

2500 to 500 Ratio Match oe ee ee % 

2500 to 500 Ratio Match Ca e 50 ppm/°C 

Temperature Coefficient 

Output Diodes 

Forward Voltage [ishmA—“‘“‘C™SCOC*d4$’*CYY:COOHT OO] 

Forward Voltage Match [ OutAtoOutB;l=5mA G 

Voltage Temperature Coefficient Pissma—C“‘;*™*C*id CYC HH 

Thermal Characteristics 


Thermal Resistance 


Either Die to Ambient LT1088CD 
LT1088CN 


Channa Ato Channel B cae eC 


Channel A to Channel B LT1088CD 
LT1088CN 


The @ denotes specifications which apply over full operating temperature range. 
Note 1: All electrical testing conducted at 25°C. 


Thermal Matching 
Thermal Cross Talk 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Figure 4’s Response vs Figure 4’s Response vs Accuracy ¥s Frequency for 
Frequency—500 input Frequency—2500 Input Figure 4—2500 Input 


5 
A 
3 
2 

1 
0 
-1 


AMPLITUDE VARIATION (dB) 
ERROR (% FULL-SCALE) 


—2 
-3 


AMPLITUDE VARIATION (48) 


5 10 15 20 
INPUT FREQUENCY (MHz) 


Distribution of Diode Offset Distribution of Thermal Heater Resistance vs RMS 
Voltage Resistance Voits—2500 Heater 


8 


RMS (V) 


NUMBER OF UNITS 
NUMBER OF UNITS 
a 


= 
) 


on 


= 0 i) 
—-5 -4-3 -2-10 12 3 4 5 -50 -30 10 50 250 260 270 280 290 300 310 320 330 
OFFSET FOR SIDE A vs B (mV) THERMAL RESISTANCE DIFFERENCE — SIDE A vs B (°C/W) RESISTANCE (9) 
Heater Resistance vs RMS Figures 4’s Settling Time 


Volts—500 Heater (LT1088CD) 


2v/DNV 


RMS (V) 


Moe 


VERT 


HORIZ = 200ms/DIV 


0 
50 51 52 53 54 55 56 57 58 59 60 61 62 


RESISTANCE (9) 
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APPLICATIONS INFORMATION 


Pin Functions 

Ain 500, Biy 500, Ain 2500, Byy 2500 (Pins 2, 9, 3, 10): 
Heater input pins. Input and servo amplifier are connected 
to these pins. Since the LT1088 is symmetrical, either 
channel A or B may be used as the input. For higher input 
impedance, the 502 and 2500 heaters may be series con- 
nected. No heater pin may be below V~ or more than 40V 
above V~. Maximum heater dissipation must not exceed 
the absolute maximum ratings. 

Ajy COM, Biy COM (Pins 1, 8): Common point for the 500 
and 2500 input heaters, usuaily tied to ground. 

Aout*, Bouyr* (Pins 12, 5): High side of the temperature 
sensing diodes. Normally they are driven at 5mA from the 
positive supply. No diode pin may be below V~ or more 
than 40V above V~. 

Aout~, Bout™ (Pins 13, 6): Low side of the temperature 
sensing diodes. These pins are normally tied to ground. 
No diode pin may be below V~ or more than 40V above 
V-. 

V- (Pins 7, 14): These pins must be the most negative po- 
tential of the circuit, usually tied to ground. 


Parasitic Diodes 


As with all bipolar ICs the LT1088 contains parasitic 
diodes which must not be forward biased. The parasitic 
diodes, marked with asterisks, appear in Figure 1. The 


*DENOTES PARASTIC DIODE, 
SEE APPLICATIONS INFORMATION 


Figure 1 


dashed lines indicate that all points of the heaters are 
parasitically diode connected to V~. 


Thermal Considerations 


Because the LT1088’s operation depends on thermal 
symmetry, it is sensitive to external temperature 
gradients. This is particularly the case for small inputs, 
which cause the device to run very close to ambient tem- 
perature. The device should be mounted in an area which 
is isothermal and free of drafts. Power generating compo- 
nents should be kept away from the LT1088 and particular 
caution taken in fan cooled equipment. “Under normal 
conditions no thermal baffle or enclosure is required. Un- 
der no circumstances should a heat sink be used. 


Heater Protection 


Most 171088 failures will be caused by excessive heater 
drive. Input power (25°C) is specified at 375mW with 30 
second excursions to 435mW permitted. These figures are 
derated by —3mW/°C above 25°C. Figure 2 plots safe 
operating limits for input duty cycle vs input voltage. Ac- 
cidental heater overdrives can damage or destroy the 
LT1088. In situations where overdrive may occur, some 
form of heater protection should be employed. Suggested 
circuits appear in the applications section. 


RMS INPUT VOLTAGE (V) 


40 60 80 = 100 
INPUT DUTY CYCLE (%) 


Figure 2. Safe Operating Limits 
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Filtering 


The LT1088’s thermal time constant provides effective low 
pass filtering. Low frequency cut-off is set by servo loop 
time constants. For the 3300pF value given in the basic 
RMS-DC application, the circuit begins to follow the input 
below about 50Hz. Normally, this is not a problem, be- 
cause the LT1088's primary application will be at high 
frequency. Lower frequency operation is obtainable by in- 
creasing the 3300pF value, although settling time will in- 
crease proportionally, 


Crest Factor 


Crest factor is defined as the ratio of peak input voltage to 
RMS value. Crest factor performance is set by IC break- 
down limits and the usable low input power range. Break- 
down limits are a function of processing. The usable low 
input power range is a basic signal-to-noise conflict. Low 
input power produces small amounts of signal. This 
makes accurate, stable discrimination between desired in- 
puts and ambient thermal phenomena uncertain and 
noisy. These constraints set crest factor at 50:1 for the 500 
input and 40:1 for the 2500 input. 


Layout 


At frequencies above 10MHz, input connections require 
care, Parasitic inductance builds quickly in wire runs, so 


{T1088 
COPPER SHIELD ~—> 


INPUT CABLE 
AND CONNECTOR 
(X-RAY VIEW) 


INPUT fr ESSSSSSSSSSSSSSSS SSS SSS NN ANN NNN ANS SS NG DNAS SONA SN 
BNC CONNECTOR 


(SHOWN IN X-RAY VIEW) 


the LT1088’s input heater lead should be directly con- 
nected to the source to be measured. It is also wise to 
shield the input line from the rest of the circuit. The heater 
common should be returned directly to a ground plane. An 
additional precaution is to mount the 0.01nF bypass 
capacitors right at the LT1088 package. These units mini- 
mize the effects of RF pick-up by the temperature sensing 
diodes. 


Accuracy 


Amplitude measurement at high frequency to significant 
accuracy is difficult because of parasitic effects. At fre- 
quencies much above 5MHz, small parasitic capacitive 
and inductive terms become important. The accuracy fig- 
ures quoted for the applications circuits were taken 
against certified standards utilizing direct and transfer 
techniques. Thermal transfer standards (Fluke Model 
540B with A-55 converters) certified to 50MHz were used 
as references. The data above 50MHz was also taken with 
these references, although the individual units used had 
not been certified at these frequencies. The accuracy of 
units of this type which have been certified is normally in- 
side the tolerances listed, so there is good probability the 
data is valid. 


INPUT PIN SOLDERED 
DIRECTLY TO CONNECTOR 


CIRCUIT BOARD 


WITH COMPONENTS 


Figure 3. Typical Evaluation Layout 


LEAR 
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0.022yF** 
5u** M 


ZERO TRIM 
(TRIM AT 10% 
OF FULL-SCALE) 


*1% METAL FILM 
**THESE COMPONENTS IMPROVE SETTLING TIME AND MAY BE DELETED. IF THIS IS DONE, = 
SHORT THE 2N2219 EMITTER TO POINT “*A’*. 


Figure 4. Basic RMS-DC Converter 


Figure 4’s Typical Specifications 


Accuracy: Crest Factor: 
500 Input 
DC to 50MHz 
DC to 100MHz 
2500 Input 500ms (LT1088CD) 
DC to 20MHz 710ms (LT1088CN) 


Temperature Effect on Accuracy 
Dynamic Range. 20:1 (LT1088CD)/14:1 (LT1088CN)| SOD Input... cece cece e caer eene eee naeees 4.25V 
250M Input... ccc cece ece cece eee eeeeeneenenees 9.5V 
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APPLICATIONS 


Fast Settling RMS-DC Converter 


0.022, 
1.5M ‘i 1k 


ZERO TRIM 
(TRIM AT 10% 
OF FULL-SCALE) 


*1% METAL FILM = 
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Servo-Sensed Heater Protection Circuit (~50ms Response) 


18V 


TO RMS 
CIRCUIT OUTPUT 


SET AT 10% 
ABOVE MAXIMUM 
EXPECTED LT1088 
CIRCUIT OUTPUT 


10k 
10k 


Diode Sensed Heater Protection Circuit (~15ms Response) 


RELAY=C. P. CLARE #HGWM51111P00 


15V abs 


15V 


TO HEATER 
TO INPUT DIODE CONNECTIONS 
OF 141088 
RELAY =CLARE 
#HGWM51111P00 


SET AT (71088 INPUT 
DIODE VOLTAGE AT ok 

MAXIMUM ALLOWABLE = = 
DIE TEMPERATURE 


Discrete Input Buffer for the LT1088 


15V 


INPUT 


OUTPUT 


PNP=2N3906 
NPN =2N3904 50a 
FET =U440 (SELECT FOR 


MINIMUM Vos) 


-15V 
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171010 Butfert 


LT1010 Buffer with Gain of 10t 


15V 


1N4148 
on) § 


TSee Summary of Buffer Characteristics table for buffer speed. 


LY Wie 11-41 


LT1088 
APPLICATIONS 


Wideband Discrete Buffer with Gain = 10t 


Eps CONTROL S20PF 


i sa 
1N4148 & 


INPUT 
OUTPUT 


1g ADJUST 
SET AT 


PNP = 23906 “SELECT FOR At 
NPN =2N3904 OUTPUT ~OV WITH 
* 10pF TRIMMER 2k TRIM CENTERED AND 1g CONTROL 
(SEE TEXT) INPUT GROUNDED. 
**SELECT FOR A2 = 
OUTPUT =0V AND 
INPUT GROUNDED. 


{See Summary of Buffer Characteristics table for buffer speed. 
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Summary of Buffer Characteristics 
ae 
Type of Butter Slew Rate (£10¥ou1) (£5¥oun) 
Discrete—A = 10 3000Vins 
171010 Based—A= 10 
Discrete—A = 1 
171010 Based—A = 1 
RF Leveling Loop 
MULTIPLIER RF AMPLIFIER 


0.6—1.3-"aus 


RMS-DC CONVERTER 


SERVO AMPLIFIER 


Fy @ Abie,” 11-43 


[T1088 


PACKAGE DESCRIPTION Dimensions in inches (millimeters) unless otherwise noted. 


D Package 
14-Lead Sidebrazed Ceramic DIP 


0.298 


(7.569) PIN NO. 1 
IDENT 


74.191) .9.020-0.040 
MAX (0.508 1.524) 


0,008 — 0.015 0,080 + 0.010 0.054 
(0.203—0.381) 0.125 (1.270.0.254) (1.372) 
(3.175) TP 
0.300 MIN 0.100 + 0.010 0.015—0.023 
(7.620) (2.540: 0.254) (0.361 ~ 0.584) 
REF 14188 
N Package 
14-Lead Plastic DIP 
0.770 
(19.558) 
MAX 
14] fia} fe] fy] 
0.250 + 0,010 
(6.350 +0.254) 
0,300 0.320 . 0,045 —0.065 na 
(7.620 —8. 128) 0.020 (1.143 — 1.651) ' 
0 ee | eis 
(3.175) MIN 0,130 + 0.005 


MIN (3.302 40.127) 


0.009 0.015 0.075 0.015 | | [49.018 «0.009 

(0.229—0.381) (1.905 +.0.381) {0.457 + 0.076) 
+0.025 

0-325 _9 015 0.100 «0.010 
0.635 (2.540 0.254) 

6.255 +5 Set) 


Nt4168 
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: CY LINE f\| LT1089 
TECHNOLOGY High Side Switch 


FEATURES DESCRIPTION 

w 7.54 Switch Capability The LT1089 is a logic driven, high current, high side switch 
a Low Series Drop (<1.5V@7.5A) utilizing bipolar technology. The device is capable of driv- 
a Logic Input (Positive or Negative Logic) ing loads up to 7.5A with a low series drop of only 1.5V, and 
= Current Limited the series drop is specified over the full range of switch 
ws Thermal Overload currents. The device has internal current limiting and ther- 
w 5mA Quiescent Current mal overload protection. The input logic is designed so 
a 10ys Risetime that the output can drive loads referenced either above or 


below the device ground pin. Either positive or negative 
logic can be used to drive the input. The device is available 
in both TO-3 metal can and TO-220 plastic packages. 


BLOCK DIAGRAM 


Voc LT1089 Switch Voltage vs Output 


Current 
BIAS, = 
THERMAL LIMIT, 
CURRENT LIMIT, 
OUTPUT DRIVE 
LOGIC IN] _ | 


Ig=5mA 


# INDIGATES EUARANTEED TEST POINT 
55°C sT,<150°C |_| 


Ne 
ed 


+ 


ries 
O°C <7) = 125°C 
<} 4. 


Vout 


SWITCH FORWARD DROP (V) 


23 4 5 6 7 8 9 10 
LOGIC GND SWITCH CURRENT (A) 


TYPICAL APPLICATIONS 


Driving Ground Referred Loads Driving Negative Referred Loads Driving Inductive Loads 
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ABSOLUTE MAXIMUM RATINGS * 


Switch Voltage (Voc —Voyt) ........cececceceveuceues 30V 
Logic Input Voltage (Vin—GND)....0......cecceeeeaee 15V 
Logic Input Voltage Range (Vin) .... (Voc - 30V)<Vin<Voc 
Ground Pin Voltage Range (GND). (Voc - 30V) <GND<Ve¢ 
Operating Junction Temperature Range 


“M” Grades ...... 0... ccccccceeeee ees — 55°C to 150°C 
NGM GIAGOB i 55 «wats eau ndccaeervedcaeint 0°C to 125°C 
Storage Temperature Range............. - 65°C to 150°C 
Lead Temperature (Soldering, 10sec.) .............. 300°C 


PACKAGE/ORDER INFORMATION 


BOTTOM VIEW ORDER PART 
NUMBER 


LT1089MK 
LT4089CK 


LOGIC IN 


K PACKAGE 
4-LEAD TO-3 METAL CAN 


ELECTRICAL CHARACTERISTICS 


MAXIMUM OPERATING 
SPECIFICATIONS* 

Switch Voltage (Vo¢— Vout) ........secsececeeceveuss 20V 
Logic Input Voltage (Viy~GND)............ecceseeeeee 5V 


Logic Input Voltage Range (Vin)... (Vo¢~ 20V)<Vin< Voc 
Ground Pin Voltage Range (GND). (Veo - 20V) <GND< Veo 


“Note: Absolute maximum ratings are those voltages that the device is 
tated to withstand on a transient basis without damage. Maximum operat- 
ing specifications are the maximum recommended operating voltages. 
The device is fully specified up to the maximum operating specifications. 
For voltages greater than the maximum operating specifications some de- 
vice parameters may exceed the data sheet limits. 


ORDER PART 
NUMBER 


FRONT VIEW 
5————1 LOGIC IN 
4 


LT1089CT 


T PACKAGE 
5-LEAD 70-220 


PARAMETER CONDITIONS (NOTE 1) MIN TYP MAX L UNITS 
Output Saturation Voltage Igwitcy = 7-5A, (Vin - GND) = 5V e 1.3 15 V 
AW <WVoc- GND}<20V 
Input Voltage (Vjy — GND) Switch ON, (Note 2) | pe 
4V < (Veg — GND) <20V 15 Vv 
e 24 V 
Switch OFF, (Note 3) 
4V <(Vo¢—- GND) <20V 1.5 V 
e 0.8 v 
a Oe 1 
Input Current Switch ON, (Vjy—- GND) = 5V ~20 pA 
e — 100 pA 
Switch OFF, (Vjy—GND)=0V 0 nA 
e +5 pA 
Ground Pin Current Switch ON, (Vjy- GND) =5V 35 T mA 
e 5.0 mA 
Switch OFF, (Viy— GND)=0V 0 pA 
eo. +20 | pA 
Output Current iz Switch OFF, (Vijy—- GND) =0V 5 10 mA 
Current Limit Switch ON, (Viy- GND) =5V te 
(Voo~ Vour) = 5V © 8.0 9.5 12.0 A 
(Voc — Vout) = 20V e 0.5 1.0 1.5 A 
eee ee 
Turn-On Delay | 1 ‘6 us 
e $ 
d, i 
Turn-Off Delay 7 5 5 pS 
e 
A & 
Output Risetime Rican = 42 10 us 
e| 25 ps 
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ELECTRICAL CHARACTERISTICS 


CONDITIONS (NOTE 1) 
Rioap= 42 (Note 4) 


PARAMETER 
Output Falltime 


Thermal Resistance K Package 


T Package 


The @ denotes the specifications which apply over the full operating Note 2: For input voltages greater than 2.4V the device is guaranteed to be 
temperature range. turned on. 1.5V is the typical threshold at 25°C. 

Note 1: Unless otherwise specified, (Voc ~ GND) = 20V and the output load Note 3: For input voltages less than 0.8V, the device is guaranteed to be in 

is referred to the ground pin (GND) of the device. Positive current values are an off state. 1.5V is the typical switch threshold at 25°C. 

defined to flow out of the device. Note 4: For reactive loads such as large capacitors, the output falltime will 


be determined by the load. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Minimum Output Current Short Circuit Current Input Trip Voltage (Logic In - GND) 
10 3.0 
9 
z 8 = 2.5 
ge! g = 20 
S 6 = Zz 
3 3 = 
5 5 = =15 
& = za 
5S , 2 fe 
3 4 z = 10 
= 9 5 
= 6.5 
1 
0 0 
0 5 10 15 2 2 30 35 0 5 0 6% 20 2 30 35 —50 -25 0 25 580 75 100 125 150 
SWITCH VOLTAGE (V SWITCH VOLTAGE (Vcc¢—Vour) (V) * JUNCTION TEMPERATURE (°C) 
Ground Pin Current Logic Input Current Rise and Fall Times 


RL =20 
ela boet et wl 
Rane ee 


INPUT CURRENT (pA) 
OUTPUT VOLTAGE {V) 


GROUND PIN CURRENT {mA} 


0 10 20 30 40 50 60 70 80 90 100 


5 10 5 
INPUT VOLTAGE (LOGIC IN ~GND) (V) INPUT VOLTAGE (LOGIC IN —GND) (Vv) TIME (us) 
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APPLICATION HINTS 


The logic and ground pins function as a differential logic 
input with a common-mode range of Vcc to Voc - 20V and 
a differential threshold voltage (VLogic— GND) of 1.5V. 
Note that if either Logic In or GND are left open the switch 
remains inactive. 


The LT1089 must be protected against overvoltage at turn- 
off when driving inductive loads. The inductive flyback 
voltage can easily exceed the maximum operating switch 
voltage (Voc- Vout) of 20V, potentially damaging the 
switch. The solution is to clamp the switch voltage to 20V 
or less with a zener diode. Remember that the switch can 
handle 7.5A and the zener may be required to handle the 
same amount of current. 


Care must be exercised when operating near the maxi- 
mum switch voltage. A high current or capacitive load may 
trip the current limit circuit at turn-on, thereby adversely 
affecting the risetime of Vout. The risetime is then gov- 
erned by the current limit divided by the load capacitance, 
while the falltime is-a function of the complex load. In 
addition, at switch voltages greater than 18V the switch 
current must be less than 0.5A or the device output will not 
pull up. Check the short circuit current characteristics for 
more detailed information. 


PACKAGE DESC RIPTION Dimensions in inches (millimeters) unless otherwise noted. 


K Package 
4-Lead TO-3 Metal Can 


0.760 —0.775 


asses 


0,320 0.360 
(8.128 - 8.890) 


0,420—0.480 0.038 ~0.043 si l. 
(10.67 12,19} (0.965 - 1.092) 


4.177—1,197 


0.220-0,235 
(5.588 —5.969) 


0.162 -0.162 
{8.860 - 4.114) 
RIVP 


0.445 —0.465 
(19.90 — 11,81), 


0.167 -0.177 


(4.247— 4.495) 
RTYP 


4188 


T Package 
5-Lead T0-220 


9.469 —0.185 


0.235 ~ 0.270 0.139 -0.153 9.079 — 0.135 


0.560 —0.650, 
(14.224 — 16,610) 


(4.293 4.699) 
0.035 —0.055 
(0.889— 1.397) 


9.380-0.420 
(9.652 — 10.668) 
(5,969 — 6,858) (3.531 ~ 3,886) {2.007 — 3.429) 
t OIA t 


1,020~1.181 
(25.908 = 29.997) 


0.057 ~0,077" 0.015 -0.025, 
(4.448 = 1.956) | (0.381 —0.635) —| . L 


(0.711 —0.889) 
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SECTION 12—MILITARY PRODUCTS 
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NOTE 


Military product datasheets are available from your local LTC 
Sales Representative, or by calling LTC Communications at 


(800) 637-5545. 
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LINEAR TECHNOLOGY MILIJAN PRODUCTS 


Linear Technology Corporation offers a comprehensive se- 
lection of precision voltage references, operational armpli- 
fiers, voltage regulators, comparators, and CMOS circuits 
designed specifically to serve the rigorous requirements of 
the military marketplace. 


The company’s specification system and quality proce- 
dures and policies were set up from the beginning to meet 
the exacting demands of MIL-Q-9858 (Quality Program 
Requirements), MIL-I-45208 (Inspection System Require- 
ments), MIL-M-38510 (General Specification For Microcir- 
Cuits) and MIL-STD-883 (Test Methods and Procedures For 
Microelectronics). 


Compliance to these specifications is a statutory require- 
ment for all employees at Linear Technology. The programs 
now in place that serve the varied requirements for ground, 
sea, aif, and space applications include: 


© JANS 

© JANB 

© Standard Military Drawings (SMD) 
© Hi-Rel (SCD) 

© 883 


Linear Technology JAN 


At the end of 1969, the Solid State Applications Branch of 
the Rome Air Development Center (RADC) issued the first 
copy of MIL-M-38510. This general specification for micro- 
circuits established the procedures that a manufacturer 
must follow to have his products listed on the Qualified 
Parts List (QPL). 


One major problem faced by defense contractors using 
semiconductor devices was the inability to interchange de- 
vices caused by a proliferation of non-standard electrical 
specifications. The 38510 (JAN) program addressed this 
problem by publishing detailed electrical specifications 
(slash sheets) for each component to be listed on the QPL. 


JAN devices are completely processed in the United States 
or its territories and all wafer fabrication, wafer sort, assem- 
bly, testing, and conformance testing are performed 
onshore. 


In early 1985, Linear Technology Corporation joined the 
ranks of the eighteen existing QPL suppliers. Of these eight- 


MILITARY PRODUCTS 


een, only a handful of suppliers participate in the linear mil- 
itary JAN market. Linear Technology believes its analog 
design experience and manufacturing strength can con- 
tribute significantly to this market. 


in August 1984, Linear Technology Corporation was visited 
by a team of DESC (Defense Electronics and Supply Center) 
personnel. This team spent almost four days on their audit 
and at the end of the visit they awarded the company “Class 
B Line Certification.” This was 2 first for any company to re- 
ceive this distinction on a first audit! In November 1987, 
Linear Technology Corporation was audited by a team from 
DESC, Naval Weapons Support Center and Aerospace Cor- 
poration and was awarded “Class S Line Certification.” 


Linear Technology's first QPL listing was achieved in Febru- 
ary, 1985, one year after the company made JAN Class B a 
corporate goal. Other companies have typically taken 2 to 3 
years to achieve this status. The line certification and QPL 
approvals were awarded to MIL-38510 and MIL-STD-883 
Rev. C specifications. 


Linear Technology’s policy of providing JAN Class B linear 
components supports the United States Government’s posi- 
tion of standardization to decrease the number of active 
part types maintained by DESC. This number is currently in 
excess of 70,000 for all types of components (contrasted to 
approximately 5,000 industry standard components). Stand- 
ardization will clearly decrease costs and assist in the main- 
tenance of military weapon systems and equipment now in 
the field. Linear Technology Corporation has over 40 prod- 
ucts listed on the Class B Qualified Parts List (Part 1), prod- 
ucts qualified on the Class S Qualified Parts List (Parts 1 
and 2}, and we have an active and aggressive program to fur- 
ther expand our offering of JAN products. 
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EXAMPLES OF LINEAR TECHNOLOGY 
MILITARY PROGRAM PARTICIPATION 
AMRAAM SPARROW PERSHING II 
PHOENIX HARPOON MINUTEMAN 
PHALANX HARM B-1B 
F-15 COPPERHEAD B52 
F-16 GPS TOW 
F-18 HTTB MAVERICK 
DRAGON SEAHAWK ACTS 
STD. MISSILE FLEET SATCOM M-1 TANK 
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Linear Technology Standard Military Drawings 


DESC drawings were initiated in 1976 to standardize the 
electrical requirements for full temperature-tested military 
components. These DESC drawings (or minispecs) were ini- 
tially issued for low power Schottky devices (54LS) used by 
defense subcontractors on the Air Force’s F16. The pro- 
gram accomplished standardization of testing, without the 
delays associated with the qualification process for JAN 
components. 


The DESC drawing was viewed as a preliminary specifica- 
tion prior to JAN approval, and it ranks second in the order 
of purchasing hierarchy to JAN. This order is defined in Re- 
quirement 64 of MIL-STD-454. If a JAN part is available, it is 
still preferred, however, there are many types of devices 
where the volume is such that the cost of a full JAN quali- 
fication may not be justified, but where a need exists for 
electrical standardization. 


CMOS and anaiog circuits were added to the DESC Drawing 
Program in 1977, 1978 and 1979, but widespread acceptance 
of these parts was not achieved. Today with more emphasis 
being placed on standardization, the interest level in DESC 
drawings has accelerated. This category of product can be 
built offshore with 883-level processing and the electrical 
parameters are tested specifically to the DESC drawing. 


To provide parts to a DESC drawing, a manufacturer has to 
have at least one part on the 38510 Qualified Parts List. He 
must also provide DESC with a certificate of compliance 
agreeing to the tests and conditions listed on the drawing. 


In 1986 a new program named Standard Military Drawings 
(SMDs) was launched by DESC. This replaced the previous 
DESC Drawing Program. This new program Is aimed directly. 
at standardizing electrical requirements with the objective 
to decrease the time required to issue a military drawing. To 
achieve this, we have set up a computer link-up with the 
DESC Standardized Mil Drawing Group. A flowchart show- 
ing the preparation of Mil drawings is shown in Figure 1. 
Linear Technology is actively supporting this new Mil Draw- 
ing program and we are working closely with DESC and 
OEMs to participate in this government plan toward a 
greater level of standardization in military specifications, 


Linear Technology has over sv devices listed on DESC and 
Mil drawings, and we are actively supporting these stand- 


ardization programs by having parts available off the shelf 
from Linear Technology Corporation and from distribution 
outlets. 


Linear Technology Hi-Rel 


Linear Technology Corporation recognizes the need for 
source controlled drawings (SCD’s) and the company’s 
DESC-certified line is well equipped to handle these re- 
quirements for space and hi-rel applications. The company 
has a comprehensive review procedure and emphasis is 
placed on compliance to test methods and procedures. 
Over 4,000 specifications have been reviewed to date with 
fast feedback to our customers. 


Linear Technology has serviced source controlled drawing 
orders including “S” level specifications with a variety of 
source inspection and conformance test requirements. 
Each source controlled drawing requires dedicated flows, 
software and hardware, and as a result, certain minimum re- 
quirements have to be fulfilled. Linear Technology's Product 
Marketing group can provide you with more details on a 
case-by-case basis. 


Linear Technology MIL-STD-883 Product 


The semiconductor industry 883 designation on military 
semiconductor components established a defacto stand- 
ard in response to a significant demand from the military 
defense contractors. The Government recognized the exis- 
tence of 883 components in the recent revisions of MIL- 
STD-883C and MIL-M-38510, and the requirements for com- 
pliant 883 components are now defined very specifically in 
these documents. 


MIL-STD-883 is a test procedures and methods document 
and the last major revision (Rev. C) became effective on 
June 1, 1984. This document is revised periodically and de- 
fines the conditions for two categories of product, Class B 
and Class S. Class B is intended for applications where 
maintenance is difficult or expensive and where reliability is 
vital. Class S is intended for space and critical applications 
where replacement is extremely difficult or impossible and 
where reliability is imperative. The Class B PDA (Percent De- 
fective Allowable) was tightened from 10% to 5% following 
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burn-in and the Group A electrical sampling plans (LTPD lev- 
els) also were tightened. In addition, a critical paragraph 
was added to MIL-STD-883 to alleviate any misinterpreta- 
tion; a factor that had previously created vastly different 883 
programs throughout the semiconductor industry. 


On December 31, 1984, another key clause was added to 
MIL-STD-883 Rev. C, “paragraph 1.2.1.” This states that if a 
manufacturer advertises, certifies, or marks parts as com- 
pliant with MIL-STD-883 those parts must meet all of the 
provisions of MIL-STD-883, a practice consistent with 
“Truth in Advertising”. 


According to the Defense Electronics Supply Center (a 
branch of the Defense Department's Logistics Agency), the 
intent of paragraph 1.2.1 was to link MIL-STD-883 with the 
controls and details contained in MIL-M-38510. 


Linear Technology Corporation can state unequivocally that 
all of its 883 products are in full compliance with the new 


DESC MPCAG REVIEWS REQUEST 


CONTRACTOR SUBMITS 5962 PART REQUEST 
TO DESC MPCAG 


DESC DETERMINES 
MIL DRAWING 
REQUIRED 


CONTRACTOR PREPARES 
PRELIMINARY DRAFT 


CONTRACTOR SUBMITS PRELIMINARY 
DRAFT TO DESC 


OESC REVIEWS PRELIMINARY DRAFT 
AND PROVIDES RECOMMENDED 
CHANGES 


CONTRACTOR, DESC 
RESOLVE COMMENTS 


CONTRACTOR DRAWING IN 


S| ccna | 
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MIL-STD-883 Rev. C requirements. We have over 275 ver- 
sions of our 883 products listed in our current catalog, iriclu- 
ding operational amplifiers, voltage regulators, voltage 
references, comparators, and our advanced line of propri- 
etary CMOS circuits. 


All products manufactured by Linear Technology are de- 
signed to meet the full requirements of the military, from 
— 55°C to 125°C. 


Military Market Commitment 


Linear Technology Corporation is a focused, dedicated 
company servicing the needs of the linear military market- 
place. We are shipping to the top U.S. defense electronics 
contractors who have qualified and approved our products. 
Linear Technology Corporation is committed to being the 
best and most proficient high quality supplier of analog mil- 
itary components. 


CONTRACTOR INCORPORATES CHANGES AND 
SENDS DRAFT WITH C OF C TO DEVICE 
MANUFACTURERS 


CONTRACTOR RETURNS REVISED DRAFT 
PACKAGE TO DESC 


DEVICE MANUFACTURER SENDS COMMENTS 
REGARDING DRAFT TO CONTRACTOR AND 
COPIES TO DESC 


ACCORDANCE WITH CONTRACT 


DESC, CONTRACTOR, AND DEVICE 
MANUFACTURERS RESOLVE COMMENTS AND 
SEND THE C OF C TO CONTRACTOR 
AND DESC* 


DESC PREPARES, APPROVES AND 
DATES FINAL MIL DRAWING 


ADVANCE COPIES SENT TO CONTRACTOR 
AND DEVICE MANUFACTURERS 


MIL DRAWING IS REPRODUCED AND 
DISTRIBUTED BY DESC 


“CONTRACTOR SHALL ALSO SUBMIT A LIST 
OF ALTERNATE SOURCES TO DESC —ECS 
AT TIME OF SUBMISSION OF C OF C 


Figure 1, Mil Drawing Preparation Flowchart . 
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WAFER FABRICATION AND 
DEVICE ASSEMBLY 


PRESEAL INTERNAL 
VISUAL MIL-STD-883 
METHOD 2010 


CONDITION B 100% 
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SEAL 100% 


STABILIZATION BAKE 
MIL-STD-883, METHOD 
1008 CONDITION C 
100% 


TEMPERATURE CYCLING 
MIL-STO-883, METHOD 
1010 CONDITION C 
100% 


MIL-M-38510 CLASS B FLOW 


CONSTANT ACCELERATION 
MIL-STD-883, 
METHOD 2001 (Y1 ONLY) 
CONDITION E 100% 


25°C ELECTRICAL TEST 
100% PER APPLICABLE 
MIL-M-38510 SLASH SHEET 


BURN-IN 
160 HOURS AT 125°C 
(OR EQUIVALENT) 100% 


ELECTRICAL TEST 
25°C, 125°C, —55°C 
100% PER APPLICABLE 

MIL-M-38510 SLASH SHEET 


MARK 100% 


SOLDERDIP IF APPLICABLE 
100% 


ELECTRICAL 3AD ROOM 
100% 25° PER 
APPLICABLE MIL-M-38510 
SLASH SHEET 


FINE LEAK TEST 
MIL-STD-883, 
METHOD 1014 

CONDITION A 100% 


GROSS LEAK TEST 
MIL-STD-883, 
METHOD 1014 

CONDITION C 100% 


GROUP A, ACCEPTANCE 
MIL-STD-883, METHOD 
5005 TABLE 1, PER 
APPLICABLE MIL-M-38510 
SLASH SHEET 


EXTERNAL VISUAL 


MIL-STD-883, 
METHOD 2009 100% 


LOT QUALIFICATION 
{QCi) MiL-STD-883 
METHOD 5005 
GROUP B, C, AND D 


GROUP B PERFORMED ON EACH LOT 


BOX STOCK 


LY WAR 


WAFER FABRICATION AND 
DEVICE ASSEMBLY 
WAFER LOT ACCEPTANCE 


MIL-STO-883, 
METHOD 5007 


NONDESTRUCTIVE BOND 
PULL MIL-STD-883, 


METHOD 2023 100% 


PRESEAL INTERNAL 
VISUAL MIL-STD-883 
METHOD 2010 
CONDITION A 100% 


SEAL 100% 


STABILIZATION BAKE 
MIL-STD-883, METHOD 
1008 CONDITION C 
100% 


TEMPERATURE CYCLING 
MIL-STO-883, METHOD 
1010 CONDITION C 
100% 


CONSTANT ACCELERATION 
MIL-STD-883, 
METHOD 2001 {Y1 ONLY) 
CONDITION E 100% 


MIL-M-38510 CLASS $ FLOW 


PARTICLE IMPACT 
NOISE DETECTION 
{PIND) MIL-STD-883 
METHOD 2020 
CONDITION A 100% 


SERIALIZATION 100% 


25°C ELECTRICAL TEST 
100% 


BURN-IN 72 HOURS 
@150°C STATIC 
PER APPLICABLE 

MIL-M-38510 SLASH 
‘SHEET 100% 


25°C ELECTRICAL TEST 
100% 


BURN-iN DYNAMIC 
240 HOURS @125°C (OR 
EQUIVALENT) PER 
APPLICABLE MIL-M-38510 
SLASH SHEET 


25°C ELECTRICAL TEST 
READ AND RECORD PER 
APPLICABLE MIL-M-38510 
SLASH SHEET 100% 


125°C, —55°C AND AC 
TESTING PER APPLICABLE 
MIL-M-38510 SLASH SHEET 
100% 


MILITARY PRODUCTS 


MARK 100% 


SOLDERDIP IF APPLICABLE 
100% 


ELECTRICAL 3RD ROOM 
25°C 100% PER 
APPLICABLE MIL-M-38510 
SLASH SHEET 


FINE LEAK TEST 
MIL-STD-883, 
METHOD 1014 

CONDITION A 100% 


GROSS LEAK TEST 
MIL-STD-883, 
METHOD 1014 

CONDITION C 100% 


X-RAY MIL-STD-883, 
METHOD 2010 100% 


GROUP A, ACCEPTANCE 
MIL-STD-883, METHOD 
5005 TABLE 1, PER 
APPLICABLE MIL-M-38510 
SLASH SHEET 


EXTERNAL VISUAL 
MIL-STD-883, 
METHOD 2009 100% 


LOT QUALIFICATION 
(QCl) MIL-STO-883, 
METHOD 5005 
GROUP B AND D 


BOX STOCK 
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LINEAR TECHNOLOGY 883 GROUP A SAMPLING PLAN 


883C 


SAMPLE SIZE 


116 


DC Parametric Ta= -55°C 116 
+ 125°C 


AC Parametric Ty = 25°C 116 
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883 CERTIFICATE OF CONFORMANCE—LEVEL B 


LTC Part Number E QUALITY ASSURANCE INSPECTOR 
Lot Traceability No. DATE SIGNATURE 
Purchase Order No. 

CustomerName_ C*iRYN Qty 

Date Code Shipper # Traveller Lot # 
GroupA=____.._ = GroupB=__ Croup = _ Group = 


Group A Re-Inspection Data, If Applicable 


LINEAR TECHNOLOGY CORPORATION HEREBY DECLARES THAT THE COMPONENTS SPECIFIED ON THE ABOVE 
PURCHASE ORDER COMPLY WITH YOUR SPECIFICATIONS AND REQUIREMENTS OF MIL-STD 883 REV C. ALL SUP. 
PORTING DOCUMENTATION AND RECORDS ARE RETAINED ON FILE BY LTC AND ARE AVAILABLE FOR INSPECTION. 
THE MAJOR ELEMENTS OF THE 883C PROGRAM ARE SHOWN BELOW. 


Operation Screening Procedure MIL-STD-883C Method 5004 
Internal Visual Method 2010, Condition B 
Stabilization Bake Method 1008, Condition C 


Temperature Cycling Method 1010, Condition C, 10 cycles — 65°C to 150°C 
Constant Acceleration © Method 2001, Condition E, 30K G’s Yt axis (TO-3 PKG at 20K G’s) 


Fine Leak Method 1014, Condition A 

Gross Leak Method 1014, Condition C 

Burn-in Method 1015, 160 hrs at 125°C (or equivalent) 

Final Electrical + 25°C DC (per LTC Data Sheet) PDA = 5% € 
+ 125°C or 150°C DC PL 
~ 55°C DC 
+25°C AC 

QA Acceptance Method 5005 Group A (sample/lot) 

Quality Conformance Group B (sample/lot) 


Group C (sample every 3 months/Generic Group) 
Group D (sample every 6 months/Package Type) 
External Visual Method 2009 


NOTE: Each operation is performed on a 100% basis unless otherwise stated. 
FORM. NO. 00-03-6072 


LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Bivd. 
Milpitas, CA 95035-7487 
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LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 
Milpitas, CA 95035-7487 


___GROUP A DATA 
Mil-Std 883, METHOD 5005 
UTC PIN LOT Fe 
GENERIC TYPE: CO PKG LCA CODD EES: 
ASSEMBLY LOC: 
LTPD ACC S/S # DATE OPER 
aa # a4 FAILED TEST | NUMBER 

SUBGROUP 1 2% 

Static test at 25°C gh fee & 
SUBGROUP 2 2% 

Static tests at maximum rated operating 

temperature ail sot Sa 
SUBGROUP 3 2% 

Static tests at minimum rated operating 

temperature 
SUBGROUP 4 2% 

Dynamic tests at 25°C 
SUBGROUP 5 7 2% 

Dynamic tests at maximum rated operating A 

temperature ° 
SUBGROUP 6 2% 

Dynamic tests at minimum rated operating » 

temperature ! 
SUBGROUP 7 SAME AS “A 

Functional tests at 25°C SUBGROUP 

#1 

SUBGROUP 8 SAME AS 

Functional tests at maximum and minimum SUBGROUPS 

operating temperature 2&3 
SUBGROUP 9 2% 

Switching tests at 25°C 
SUBGROUP 10 2% 

Switching tests at maximum rated operating 

temperature H 
SUBGROUP 11 2% | 

Switching tests at minimum rated operating 

temperature 

QA APPROVAL: —_-___-__-__- DATE:: 


FORM No. 00-03-6037 
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LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 
Milpitas, CA 95035-7487 


LTC P/N: 


GENERIC TYPE: 
ASSEMBLY LOC: 


Physical Dimensions 


GROUP B DATA 
Mil-Std 883, METHOD 5005 


LOT #: 
PKG: 


DATE CODE: 


SUBGROUP 2 | 
L Resistance to Solvents 2015 mie 0 | 
SUBGROUP 3 
Solderability 2003 Soldering Temp. of 10 0 
245 + 5°C 
SUBGROUP 4 


Internal Visual/Mechanical 2014 design and construction 
requirements { 
lsuUBGROUP 5 
Bond Strength 2011 CorD | 
— 


SUBGROUP 7 
Fine Leak 
Gross Leak 


LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 
Milpitas, CA 95035-7487 


LTC P/N: 
GENERIC TYPE: 
CT. GROUP: 


SUBGROUP 1 
Steady State 
Life Test 


Electrical Endpoints 


SUBGROUP 2 
Temperature Cycling 
Constant Acceleration 
Fine Leak 

Gross L eak 

Visual Examination 


Electrical Endpoints 


QA APPROVAL: DATE: 
FORM No. 00-03-6006 
GROUP C DATA 
Mil-Std 883, METHOD 5005 
LOT # 
PKG: DATE CODE: 
CONDITION LTPp | acc | sis # | DATE |OPER| 
# FAILED | TESTED| # 


TA = 125°C 
(1000 Hours or Equiv.) 


Test # 


(en eee 


| 


ees eer Pere 


QA APPROVAL: 


DATE: 
FORM No. 00-03-6007 
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LINEAR TECHNOLOGY CORPORATION 


GROUP D DATA 
Mil-Std 883, METHOD 5005 


1630 McCarthy Blvd. 

Milpitas, CA 95035-7487 
LTC P/N: LOT #: 
GENERIC TYPE: PKG: 
ASSEMBLY LOC: 


DATE CODE: 


TEST 


CONDITION 


SUBGROUP 1 
Physical Dimensions 


2016 L 


upp [acc |sis| # | pate | OPER 
# FAILED | TESTED | # 


SUBGROUP 2 
Lead Integrity 


B2 (lead fatigue) 


15 0 


gE | ; 


Visual Examination 


Electrical Endpoints 


SUBGROUP 4 
Mechanical Shock 
Vibration Variables- 

Frequency 
Constant Acceleration 

Fine Leak 

Gross Leak 

Visual Examination 


Electrical Endpoints 


Fine Leak 1014 
Gross Leak | 1014 st 
SUBGROUP 3 ‘% 6 | 0 | 15 | 

Thermal Shock 1011 B 15cycles 

Temperature Cycle 1010 Cc 100 cycles 

Moisture Resistance 1004 

Fine Leak 1014 

Gross Leak 1014 


Y1only 


SUBGROUP 5 


15 0 15 [ Z 


Salt Atmosphere 1009 A 

Fine Leak 1014 

Gross Leak 1014 

Visual Examination 4009 Visuai Criteria | 
SUBGROUP 6 = 3 

Internal Water-Vapor 1018 jp SOGOpe IM a toe | 
SUBGROUP 7 15 0 15 

Adhesion of Lead Finish | 2025 ba ie 
SUBGROUP 8 o [5 |. 

Lid Torque | 2024 _| Glass Frit Seal only si | 

QA APPROVAL: DATE: 


FORM No. 00-03-6008 
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MILITARY PARTS LIST 

JAN S QPLi JM38510/10103SHA (LM101AW) —JM38510/11405SGC (LF156AH) — JM38510/13502SGA (OP07H) 
JM38510/10104SCA (LM108AJ)"* JM38510/11803SXA (LM137H) — JM38510/13502SGC (OP07H) 
JM38510/10104SHA (LM108AW) —JM38510/11803SXC (LM137H)  JM38510/13502SPA (OP07J8) 
JM38510/10104SPA (LM108AJ8) JM38510/11804SYA (LM137K)  JM38510/123503SGA (OP27AH) 
4JM38510/10107SPA (LM118J8) — JIM38510/12501SGA (LF198H)  JM38510/13503SGC (OP27AH) 
JM38510/11404SGA (LF155AH) — JM38510/13501SGA (OPO7AH) = JM38510/13503SPA (OP27AV8) 
JM38510/11404SGC (LFI55AH) —JM38510/13501SGC (OPO7AH) 

JM38510/11405SGA (LF156AH) —JM38510/13501SPA (OPO7AJ8) 

JAN BQPLt JM38510/10103BGA (LM101AH) —JM38510/11402BPA (LF156J8) —~ JM38510/12501BGA (LF198H) 
JM38510/10104BCA (LM108AJ) — JM38510/11404BGA(LF155AH) = JM38510/12501BGG (LF198H) 
4JM38510/10104BGA (LM108AH) JM38510/11404BGC(LF155AH) JM38510/13501BGA (OP07AH) 
JM38510/10104BGC (LM108AH) JM38510/11405BGA(LF156AH) JM38510/13501BGC (OP07AH) 
JM38510/10104BPA (LM108AJ8) JM38510/11405BGC (LF156AH) JM38510/12501BPA (OP07AJ8) 
JM38510/10106BEA (LH2108AD) JM38510/11405BPA (LF156Au8) JM38510/13502BGA (OP07H) 
4M38510/10107BGA (LM118H) = JM38510/11703BXA(LM117H) — JM38510/13502BGC (OP07H) 
JM38510/10107BGC (LMT18H) = JM38510/1703BXC (LM117H) — JM38510/13502BPA (OP07J8) 
JM38510/10107BPA (LM118J8) — JM38510/11704BYA(LM117K) — JM38510/13503BGA (OP27AH) 
JM38510/11401BGA (LF155H) = JM38510/11706BYA(LM138K)  JM38510/12503BGC (OP27AH) 
§M38510/11401BGC(LF15SH) = JM38510/11803BXA(LM137H) —_ JM38510/13503BPA (OP27AJ8) 
JM38510/11402BGA (LF156H) — JM38510/11803BXC (LM137H) 

JM38510/11402BGC (LF156H) = JM38510/11804BYA (LM137K) 

DESC 7703401XA (LM117H) 7703408XX (LT117AH) 8203602PX (OP07J8) 

Drawings *t 7703401XC (LM117H) TT03408YX (LT117AK) 8418001XA (LM136AH-2.5) 
7703401Y A (LM117K) 7703406Xx (LT137AH) 8418001XC (LM136AH-2.5) 
7703402X<A (LM117HVH) 7703406YX (UT137AK) 8551401GX (REFO2AH) 
7703402XC (LM117HVH) 7708407 XX (LT117 AHVH) 8551401PX (REFO2AJ8) 
7703402Y A (LM117HVK) 7703407YX (LT117AHVK) 8651501VX (LT1526J) 
7703403XA (LM137H) 7703408XX (LT137AHVH) 8601401CA (LM119U) 
7703403XC (LM137H) 7703408YX (LT137AHVK) 86014011 (LM119H) 
7703403Y A (LM137K) 7802801EA (SG1524J) 8601401HA (LM119W) 
7703404XA (LM137HVH) 8203601GX (OP07AH) 8601402CA (LT119Au) 
7703404XC (LM137HVH) 8203601PX (OPO7AU8) 86014021A (LT119AH) 
7703404Y A (LM137HVK) 8203602GX (OP07H) 

Standard 5962-8680601EA (LT1846J) §962-8759402XX(LM185H-2.5)  5962-8856201YX (LT1010MK) 

Military 5962-86845011X (LT1016MH) 6962-8760401GX (LM 10H) 5962-8859701XA (LT1004MH-1.2) 

Drawings 5962-8684501PX(LT1016MJ8) 5962-8766601VX (LT1080MJ) 5962-8859702XA (LT1004MH-2.5) 

(SMD)t 5962-8686 101 XX (LTS80SH) 5962-8766602EX (LT1081Mu} 5962-8860001 GX (LT1021BM-10) 
§962-8686102XX (LT580TH) 5962-8767501XX (LM150K) §962-8860002GX (LT1021CM-10) 
5962-8688201XA (LHOO70-0H) 5962-8767502XX (LT150AK) 5962-8860003GX (LT1021DM-10) 
5962-8688201XC (LHOO70-0H) —_§962:8773801GA(LT1001MH)  5962-8864101RA (LTC1060AMJ) 
5962-8688202XA (LHOO70-1H) _ 5962-8773801PA(LT1001MJ8) 5962-8864601XA (LT1085MK) 
§962-8688202XC (LHOO70-1H)  5962-8774101XX (LT1033MK) 5962-8864701GA (LT1021BMH-7} 
5962-8688203XA (LHOO70-2H) §962-8777501YX (LM123K) 5962-8864702GA (LT1021DMH-7) 
5962-8688203XC (LHOO70-2H) 5962-8853701GA (OP37AH) 5962-8876201GA (LT1021BMH-5) 
5962-8688701CA (OP227AJ) 5962-8853701PA (OP37AJ8) 5962-8876202GA (LT1021CMH-5) 
§962-8757801GA (LT1007AMH) — 5962-8853703GA (OP37CH) 5962-8876203GA (LT1021DMH-5) 
5962-8757801PA (LT1007AMJ8) — 5962-8853703PA (OP37Cu8) 
5962-8759401XC (LM185H-1.2)  5962-8856201XX (LT1010MH) 

883 LF155AH/883 LM10H/883 LT118AJ8/883 LT1007MH/883 

Operational LF155H/883 LM10J8/883 LT1001AMH/883 LT1007MJ8/883 

Amplifiers LF156AH/883 LM101AH/883 LT1001AMJ8/883 LT1008MH/883 
LF156H/883 LM101AJ8/883 LT1001MH/883 LT1012MDi883 
LF412AMH/883 LM107H/883 LT1001MJ8/883 LT1012MH/883 
LF412MH/883 LM107N8/883 LT1002AMU/883 LT1013AMH/883 
LF412AMJ8/883 LM108AH/883 LT1002MJ/883 LT1013AMJ8/883 
LF412MJ8/883 LM108H/883 LT1006MH/883 LT1013MH/883 
LH0070-0H/883 LM108A 8/883 LT1006MJ8/883 LT1013MJ8/883 
LH0070-1H/883 LM108J8/883 LT1006AMH/883 LT1014AMu/883 
LH0070-2H/883 LM118H/883 LT1006AMJ8/883 LT1014MJ/883 | 
LH2108AD/883 LM118J8/883 LT1007AMH/883 LT1022AMH/883 
LH2108D/883 LT1184H/883 LT1007AMJ8/883 LT1022MHv883 
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883 LT1023MH/883 LT1057AMJ8/883 LTC1052Mv8/883 OP-27CH/883 

Operational LT1023Mu8/883 LT1057MH/883 OP-O5AH/883 OP-27CJ8/883 

Amplifiers LT1024AMD/883 LT1057MJ8/883 OP-05AJ8/883 OP-37AH/883 

(Continued) LT1024MD/883 LT1058AMu/883 OP-05H/883 OP-37AJ8/883 
LT1028AMH/883 LT1058Mu/883 OP:05/8/883 OP-37CH/883 
LT1028AMJ8/883 LT1078AM/883 OP-07AH/883 OP-37CJ8/883 
LT1028MH/883 LT1078AMJ8/883 OP-07AN8/883 OP-215AH/883 
LT1028Mu8/883 LT1078MH/883 OP-07H/883 OP-215AJ8/883 
LT1037AMH/883 LT1078MU8/883 OP-07J8/883 OP-215CH/883 
LT1037AMJ8/883 LT1079AMu/883 OP-15AH/883 OP-215CJ8/883 
LT1037MH/883 LT1079Mu/883 OP-15BH/883 OP-227AJ/883 
LT1037MJ8/883 LTC1050AMH/883 OP-15CH/883 OP-227CU/883 
LT1055AMH/883 LTC1050AMJ8/883 OP-16AH/883 OP-237AJ/883 
LT1055MH/883 LTC1050MH/883 OP-16BH/883 OP237Cu/883 
LT1056AMH/883 LTC1050MJ8/883 OP-16CH/883 
LT1056MH/883 LTC1052MH/883 OP-27AH/883 
LT1057AMH/883 LT™C1052Mu/883 OP-27AJ8/883 

883 Regulators = .M117H/883 LM150K/883 LT138AK/883 LT1083MK-5/883 
LM117HVH/883 LT117AH/883 LT150AK/883 LT1083MK-12/883 
LMA117HVKI863 LT117AHVH/883 LT1003MK/883 LT1084MK-5/883 
LM117K/883 LT117AHVK/883 LT1005MK/883 LT1084MK-12/883 
LM123K/883 LT117AK/883 LT1020Mu/883 LT1085MK-5/883 
LM137H/883 LT123AK/883 LT1033MK/883 LT1085MK-12/883 
LM137HVH/883 LT137AH/883 LT1035MK/883 LT1086MK-5/883 
LM137HVK/883 LT137AHVH/883 LT1036MK/883 LT1086MK-12/883 
UM137K/883 LT137AHVK/883 LT1038MK/883 LT1086MK/883 
LM138K/883 LT137AK/883 LT1054My8/883 

883 References —LM129AH/883 LT580TH/883 LT1021CMH-5/883 LT1034BMH/883 

-  LM129BH/883 LTS80UH/883 LT1021DMH-5/883 LT1034MH/883 

LM129CH/883 LT581SH/883 LT1021BMH-7/883 REF-01AH/863 
LM134H/883 LT581TH/883 LT1021DMH-7/883 REF-01AJ8/883 
LM136AH-2.5/883 LT1004MH-1.2/883 LT1021BMH-10/883 REF-01H/883 
LM136H-2.5/883 LT1004MH-2.5/883 LT1021CMH-10/883 REF-01/8/883 
LM185H-1.2/883 LT1009MH/883 LT1021DMH-10/883 REF-02AH/883 
LM185H-2.5/883 LT1019MH-2.5/883 LT1029AMH/883 REF-02AJ8/883 
LM199AH/883 LT1019MH-4.5/883 LT1029MH/883 REF-02H/883 
LM199AH-20/883 LT1019MH-5.0/883 LT1031BMH/883 REF-02J8/883 
LM199H/883 LT1019MH-10/883 LT1031CMH/883 
LT580SH/883 LT1021BMH-5/883 LT1031DMH/883 

883 LM111H/883 LT119AH/883 LT1011MHI883 LT1018MH/883 

Comparators LM111J8/883 LT119AJ/883 LT1011MJ8/883 LT1018MJ8/883 
LM119H/883 LT685MH/883 LT1016MH/883 LTC1040MJ/883 
LM119u/883 LT685MJ/883 LT1016MJ8/883 LTC1042M/883 
LT114AH/883 LT1011AMH/883 LT1017MH/883 
LT111AJ8/883 LT1011AMJ8/883 LT1017MJ8/883 

883 LT1070MK/883 LT1524J/883 LT1527Au/883 $6 1524/6883 

Switched-Mode —LT1070HvmK/883 LT1825AJ/883 LT1846/883 $G15254/883 

Control Circults —11071mMK/883 LT1526J/883 LT1847,/883 $G1527AJ/883 
LT1071HVMK/883 

883 LT1032MJ/883 LT1081MJ/883 

interface LT1039MJ/883 LTC1045MJ/883 
LT1080Mu/883 

Other 883 LF198AH/883 LTC1041MJ8/883 LT1054MH/883 LTC1060Mu/883 
LF198Hi883 LTC1043MD/883 LTC1059AMUJ/883 171061 AMJ/883 
LT1010MH/883 LTC1044MH/883 LTC1059MJ/883 LTC1081Mu/883 
LT1010MK/883 LTC1044MJ8/883 LTC1060AMu/883 LTC1062MJ8/883 


tParts may be ordered using an “X" lead finish suffix. These parts will be supplied with either gold plate or solder-dip finish at Linear Technology Corporation's 


Giscretion. 


* Certain parts may be ordered with “C” lead finish suffix (gold plate). Consult factory for pricing and availability. 
** Bold face entries indicate new additions. 
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INDEX 2 oes arene SUR cs he sta adits Sea iad te a Sed ROM Tana tand iad Cees d kas eid ald hha S 13-2 

PROPRIETARY PRODUCTS 
LTC201, Quad CMOS SPST Low Charge Injection Analog SWitCh 0... 00. cect centre nn et beeen tenn ete 13-3 
LT1015, High Speed Dual Line Receiver... 0.0. eee en EEE nee eee nee 13-6 
LT1027; Precision SV Reterenc@. x cs 5 ee bed es Rae eeeaoe tnt ei ta pt clas dain Tee Pe cit Ra eee eT La 13-8 
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NOTE 


Final datasheets for products in this section are at various 
stages of completion as this catalog is being published. If 
you require a final datasheet for your application, please 
contact your local LTC Sales Representative, or call LTC 
Communications at (800) 637-5545, for availability. 
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PRISLIMUINARY 


LTC201 
TECHNOLOGY Quad CMOS SPST 
Low Charge Injection Analog Switch 
May 1989 

FEATURES DESCRIPTION 
m Single 5V or + 15V Supply Operation The LTC201 is a monolithic CMOS device consisting of 
mw Lower Charge Injection Than Standard DG201A four switches which are independently controlled. The 
a Low Ron switches have low on resistance and a very high off re- 
w Low Power Dissipation sistance. A break before make characteristic is inherent in 
m Low Leakage these switches to prevent the shorting of two channels. 
w Guaranteed Break Before Make With a supply voltage of + 15V the signal range is + 15V. 
w Latch Resistant Design The switches have special charge compensation circuitry 
a TTLICMOS Compatible which greatly reduces charge injection compared to the 

= Second Source for DG201A standard DG201A. 


The LTC201 is Prne taee such as pro- 
{ 


KEY SPECIFICATIONS orammable “i Vy pai analog “ees precision 
: ora Range ie or cht 
10 


w Leakage Current 
= Charge Injection 
Twice UcaNEN s 


= Supply Current +40 a be 100uA rN 
re) Micropower 100Hz to 1MHz V-to-F Converter 


1N4148 


LINEARITY 1S 0.05% 
QUIESCENT CURRENT 1S 100A 
SUPPLY CURRENT IS 400pA @1MHz 


Specifications on this datasheet are preliminary only, and subject to 
{ y LINGAR change without notice. Contact the manufacturer before finalizing a design + 3 3 


using this part. 


LTC201 


ABSOLUTE MAXIMUM RATINGS PACKAGE/OADER INFORMATION 


(Note 1) 
Voltages Referenced to V- 
VE Fesulcata enud Sates nals bea o tucson g paseenanes at 44V 
GND Ss coscreacitite cc igede chee aioecrmbaonsens 25V 
Digital inputs, $, D (Note 3)........... -2V to (V+ +2Vjor 
20mA, Whichever Occurs First 
Current 
Any Input ExceptSorD..........cceseeeeeee ees 3OmA 
Continuous SOPD.......cceeee eee ene e eee ones 20mA 
Peak S or D (Pulsed at 1ms, 10% Duty Cycle Max). 70mA 
Power Dissipation (Plastic) ........cccccceeeeeeee 500mW 
Power Dissipation (Ceramic) .........0.eecereeees 9g00mW 
Operating Temperature Range 
LTC201AC, LTC201C .......cceceeeeeee ees 0°C to 70°C 
LTC201AM, LTC201M ...........008 ~ 55°C to 125°C 
Storage Temperature Range............. - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.}............44 300°C 


TOP VIEW 


N PACKAGI 


J PACKAGE 
16-LEAD CERAMIC DIP 16-LEAD PLASTIC. DIP 


AVAILABLE IN SO PACKAGE 


ORDER PART 
NUMBER 


LTC201AMd 
LTC201MJ 


LTC201ACJ 
LTC201CJ 
LTC201ACN 
LTC201CN 


DIGITAL AND DC ELECTRICAL CHARACTERISTICS woe 2 


PARAMETER CONDITIONS 

Analog Signal Range 

Ron -10V<Vg< 10, 
Ip=imA 


ARoy vs Temperature 


Ron Match Vg = OV, Ing = 1mA % 
Off Input Leakage I,(OFF) Vp= 2 14V, Vg= + 14V nA 
Off Output Leakage Ip(OFF) 

On Channel Leakage Ip(ON) 

Input High Voltage Vinu 

Input Low Voltage V) 

Input High or Low Current 

Uy 20d Tip 

C,(OFF) 5 5 pF 
CyOFF) 12 12 | 

Cp, Ce(ON) 30 30 

\* All Channels On or Off KY) 100 30 100 nA 
Ir Vin = OV or 2.4V e 0.1 10 0.1 10 
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LT WAR 


LTC201 


AC ELECTRICAL CHARACTERISTICS wnotes 


PARAMETER 


Coen = Se See 
MIN TYP MAX MIN TYP MAX 

Ve=2V,R.=th,G=359F [oo fC 
ee MU | 

Off isolation Vs=2Vp-p, R= thd 
Crosstalk Emme Se: es eS ae 
Charge Injection Quy Pg=00,C,=1000F,Vs=0 [| 5 | 68 | 
Total Harmon ion TR [Wes pg = an ar 


The ©@ denotes the specifications which apply over full operating tempera- Note 2: Signais on S, D, or iy exceeding V* or V~ will be clamped by in- 
ture range. ternal diodes. Limit forward diode current to maximum current rating. 
Note 1; Absolute Maximum Ratings are those values beyond which the life Note 3: V* = 15V, V- = - 15V unless otherwise noted. 

of a device may be impaired. 
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PRELIMINARY 
( y LIN LT1015 
TECHNOLOGY — High Speed Dual Line Receiver 


May 1989 
FEATURES DESCRIPTION 
a 10ns Response Time The LT1015 is a dual high speed comparator intended for 
a 2ns Setup Time for Latch line receiver and other general purpose fast comparator 
m Operates on Single 5V Supply functions. It has 10ns response time, true differential in- 
a Dual Functionin 8-Pin Package puts, TTL outputs, and operates from a single 5V supply. A 
= No Input Slew Rate Requirement unique output stage design virtually eliminates power 
mw Latch Function Included On Chip supply glitching during transitions. This greatly reduces 
a True Differential Inputs instability and crosstalk problems in qyltiple line applica 


tions. No minimum input sl KF uired as in previ- 
ous TTL output com 
APPLICATIONS eee | 
The 199 @ latch yor: output data. 
= High Speed Differential Line Receiver me Is 2ns, mal parators to capture 
a s ac 


m Pulse Height/Width Discriminator € much tual flowthrough response 
a Timing and Delay Generators and ceramic packages allow hig 
Timing and Delay Generat \) j d k low high 


tim 
= Analog to Digital Interface By 
eee Y pF 


TYPICAL APPLICATION BLOCK DIAGRAM 


2 Channel 20MHz Clocked Line Receiver 


5V 
A INPUT 
A OUTPUT 


CHANNEL A 


j | j CLOCK 


DATA LATCHED 
ON POSITIVE EDGE 


CHANNEL B 


REFERENCE LATCH (BOTH SIDES) 
INPUT 


B OUTPUT 
B INPUT 


Specifications on this datasheet are preliminary only, and subject to 
1 3 6 rai inl notice. Contact the manufacturer before finalizing a design L y LINCAR 
= using this part. 


LT1015 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ............cccccseeneeeecseesereneees 7V 
Differential Input Voltage.............ccecceeeeeeeeees 5V 
Input Voltage Positive .............c.cc00e Supply + 0.5V 
Negative............ccceceee sense sees -1V 
Input Current (Forced) Positive ...............00005 20mA 
Latch Pin Voltage.............cceseeeeeaeees Supply +1V 
Output Current (Continuous).................0008 +20mA 
Operating Temperature Range 
LIRQISM ivi cecvaysiaieecacive. — §8°C to 125°C* 
LTIO19G yok iissvaaie cevieeentegedines 0°C to 70°C 
Storage Temperature Range............. ~ 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.).............. 300°C 


“Air flow must be provided for T, > 100°C. 


PACKAGE/ORDER INFORMATION 


ORDER PART 
NUMBER 


TOP VIEW 


oy, 
INPUT A 


REFERENCE | 2] 
INPUT B [3] 
LaTcH [4] 


J PACKAGE N PACKAGE 
8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 


ia}v+ 

OUTPUT A 
16] GROUND 
[5] OUTPUT B 


LT1015MJ8 


LT1015Cu8 
LT10150N8 


ELECTRICAL CHARACTERISTICS 


V+ =4,6V to 5.4V, VLatcH = 0V, Common Mode Input Voltage = 2.5V, T;=25°C, unless otherwise noted. 


PARAMETER CONDITIONS MIN TYP MAX UNITS 
Input Offset Voltage (Note 1) [Vow =1.26Vto(V*-15)  [@ | 1 20 mV 
Input Bias Current AViy= OV (Note 2) |e | 15 30 pA 
Reference Input Current AVin= OV (Note 2) Le | 30 60 yA 
Voltage Gain (Note 3) Vour = 0.5V to 2.5V e 4000 2500 VN 
Load = 1 TTL Gate 
Common Mode Input Range (Note 5) Minimum Input e 1.0 1.25 v 
Maximum Input e Vt -15 vt -10 V 
Output High Voltage Jour = 4mA e 2.5 v 
Output Low Voltage Igink = 4MA e 0.3 05 Vv 
Supply Current ° 55 70 mA 
Latch Pin High Input Voltage Device Latched | @ | 2 V 
Latch Pin Low Input Voltage Device Active e 0.8 V 
Latch Pin Current See 1 mA 
Propagation Delay AVin 2 20mV (Note 4) 
0°C sT}< 100°C e 7 10 14 ns 
~58°C <7) < 150°C ° 7 10 16 ng 
Latch Setup Time eee eet 2 as 


The @ denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: Input offset voltage is the maximum required to drive the output to 
a low state of 0.5V and a high state of 2.5V. 

Note 2: input currents are measured by applying a large positive differen- 
tial input voltage. The resulting input current is divided by two to obtain in- 
put current at AVjy = OV. 

Note 3: Voltage gain is guaranteed by design, but not tested. 

Note 4: Propagation delay is 100% tested in production with a large over- 
drive. The limit is guard banded to account for the slight increase (~500ps) 
at 20mV overdrive. 


Note 5: Common mode input range is the voltage range over which the dif- 
ferential input offset voltage is less than 20mvV. {f both inputs remain inside 
this common mode range, propagation delay will be unaffected. It will also 
be normal if the signal input is below the 1.25V lower limit when the input 
transition begins. An increase in propagation delay of up to 10ns may occur 
if the signal input is above the upper common mode timit when the transi- 
tion begins. Sine wave inputs may not be affected when the peak exceeds 
the common mode range if the signal is inside the common mode range for 
10ns before threshold is reached. 


LY iene 
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PRELIMINARY 


nt j \2 LT1027 


TECHNOLOGY Precision 5V Reference 
May 1989 

FEATURES DESCRIPTION 
w Very Low Drift — 2 ppm/°C Max Slope The LT1027 is a precision reference with extra-low drift, 
wu Pin-Compatible with LT1021-5, REF-02 low noise, excellent line and load regulation and low out- 
a Factory-Trimmed to 5.000V + imV @25°C put impedance at high frequency. This device is intended 
u Output Sinks or Sources 10mA for use in 12: to 16-bit A-to-D and D-to-A systems where de- 
» Excellent Transient Response Suitable for A-to-D manding accuracy requirements must be met without the 
Reference Inputs use of power-hungry heated-substrate references. The 
aw Noise Reduction Pin fast-settling output recovers quickly from load transients 
= Excellent Long Term Stability such as those presented by A-to-D converter reference in- 
a Low Noise puts. The LT1027 represents the next major advance in 

low-drift, high-accuracy voltage references. 
APPLICATIONS The T1027 reference is Sic: proprietary 
: advanced sub*su rf lar process which elim- 
w A-to-D and D-to-A Conversion inates no EO proble ciated with sur- 
nok <\0 


w Precision Current Source 


» Digital Voltmeters 
uw Reference Standard Ve Ge ooh 


Drivin open ORDER PART 
8 NUMBER 


LT1027BMH 
LT1027CMH 
LT1027BCH 
LT1027CCH 


7.5¥ TO 35V 
INPUTS 


H PACKAGE 
8-LEAD T0-5 METAL CAN 


*CONNECTED INTERNALLY. DO NOT CONNECT 
EXTERNAL CIRCUITRY TO THESE PINS. 


TOP VIEW 


LT1027BCN 
LT1027CCN 


*NOISE REDUCTION CAP AND TRIM POTENTIOMETER OPTIONAL. 


N PACKAGE 
8-LEAD PLASTIC DIP 


*CONNECTED INTERNALLY. DO NOT CONNECT 
EXTERNAL CIRCUITRY TO THESE PINS. 


Specifications on this datasheet are preliminary only, and subject to 
8 change without notice. Contact the manufacturer betore finalizing a design { y LINCAR 
1 3- using this part. 


LT1027 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage... 0... eee cseeesseceseusaeceeaneees 40V 
Input-Output Voltage Differential .................00. 35V 
Output to Ground Voltage ...........cccccseeeeeaeeees 7V 
Trim to Ground Voltage 
POSILIVE 6.0... ccc cece ceceeaeeaeeeeeees Equal to Vout 
NOOSE isctr oes canchiauil asics ntarieeauenns -3V 
Output Short Circuit Duration 
VIN SOOV i iri dass epekaniceasoaw ed patie Seeks 10sec 
VINK 20V oaviawaciee su ides ites ceoeatacnc oon Indefinite 


Operating Temperature Range 


LT1O27M.......cceseceeeeeet vase ence ~ 55°C to 125°C 

LTI021Cs 200 eccdusdeauigiawsvabesatileece 0°C to 70°C 
Storage Temperature Range 

All Devices............cccccceceaeeees ~ 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.).............. 300°C 


ELECTRICAL CHARACTERISTICS vj = 10V, lout =0, 74=25°C unless otherwise specified. 


PARAMETER CONDITIONS MIN TYP MAX UNITS 
Output Voltage 5.000 v 
Output Voltage Accuracy Ty = 25°C +0,02 % 
Output Voltage Temperature Coefficient 2 ppm/°C 
Settling Time (0.01%) 2 aS 
Line Regulation A ppm 
Load Regulation (Source) | O<igur<toma | SSSCS~S~*wSSCé rm 
Load Regulation (Sink) [| O>lgyr>=t0mA [ei 
Supply Current Sa eee eee ees mA 
Output Trim Range 0>Vram>Vour | SC‘ O™®CCNNCO#@C‘ mV 


APPLICATIONS INFORMATION 


Transient Response 

When a 10mA load step is applied to the LT1027 output, the 
reference will settle to 0.01% in under 2us. For faster tran- 
sient response under no DC load or while sourcing current, 
a 4,7uF (or greater) tantalum capacitor connected between 
Vout and ground is recommended. This will reduce the set- 
tling time to under 500ns. Electrolytic capacitors are not 
advisable as the series resistance of these type units will 
degrade the response. If the LT1027 is to be used as a cur- 
rent sink, a bypass cap is not recommended. For driving 
Capacitive-type ADCs, the 4.7yF cap will give optimum per- 
formance, although it is not required. 


Trimming Output Voltage 

The LT1027 has a trim pin for adjusting output voltage. The 
impedance of this pin is about 20k with an open circuit 
voltage of 2.5V. A + 50mV trim range is obtainable by tying 
the trim pin to the wiper of a 10k potentiometer connected 
between Voyr and ground. Trimming the output voltage will 
not affect the TC of the device. 


Noise Reduction 

A 1nF capacitor between the NR (noise reduction) pin (3) and 
ground will reduce the noise of the LT1027 from 2.5:Vpys to 
1.5yVpas in a 0.1Hz to 1kHz bandwidth. The pin should be 
left open if not used. Open circuit voltage on the NR pin is 
4.4V. This point goes to the internal amplifier input and is 
gained up to 5.000V. Do not put any DC load on this pin. 


TECHNOLOGY 


FEATURES 


w Low Supply Current 200pA 

w No External Components Required 

w Maximum Offset Voltage 10x 

= Maximum Offset Voltage Drift 0.4,V/°C 

w= Single Supply Operation 4.75V to 16V 

a= Input Common Mode Range Includes Ground 
w Output Swings to Ground 

w Typical Overload Recovery Time 25ms 


APPLICATIONS 


w 4mA-20mA Current Loops 
w Thermocouple Amplifiers 
w Electronic Scales 

= Medical Instrumentation 


S 
ot 


= Strain Gauge Al 7t Dp 
= High Res ee ee avis 


— 
for 


Ve 


PRELIMINARY 
LTC1049 


Low Power Chopper Stabilized 
Operational Amplifier with 
Internal Capacitors 

April 1989 


DESCRIPTION 


The LTC1049 is a high performance low power chopper 
stabilized operational amplifier. The two sample-and-hold 
capacitors usually required externally by other chopper 
stabilized amplifiers are integrated on the chip. Further, 
the LTC 1049 offers superior DC and AC performance with 
anominal supply current of only 200A. 


The LTC1049 has an offset volt 5uV, with drift of 
0.01pV/°C, 0.1Hz to 10HZi js voltage is 3xVp-p and 
typical voltage,aag O88? The slew sate is 0.8V/us with 


ot wt 4 
oO ad cone ih positive and negative 


saturati + re 6ms and 25ms respectively, a 
jcamt improvement over chopper amplifiers us- 
ternal capacitors. 


The LTC1049 is available in standard 8-pin metal can, plas- 
tic and ceramic dual in line packages as well as an &pin 
SO package. The LTC1049 can be a plug-in replacement for 
most standard op amps with improved performance. 


TYPICAL APPLICATION 


Single Supply Thermocouple Amplifier 


0.068pF 


Vin=5V 


Vour=0V TO 4v 
FOR 0°C TO 400°C 


SUPPLY CURRENT =280pA 


Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
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using this part. 


LY WIR 


LTC1I049 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


(Note 1) 
Total Supply Voltage (V+ toV—-) ......c.cccceeeee ees 18V 
Input Voltage .........0...00004 (V* +0.3V) to (V~- -0.3V) 
Output Short Circuit Duration ............0.... Indefinite 
Operating Temperature Range 
LTC1049M ...... cece ee esse ee esue eens -55°C to 125°C 
LTC1049C.... ee cecececeeuevenenes - 40°C to 85°C 
Storage Temperature Range ............. - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) .............. 300°C 


J Py 
8-LEAD Ci 


TOP VIEW 
NC (CASE) 


(3) 


H PACKAGE 
8-LEAD TO-5 METAL CAN 


TOP VIEW 


nc Gi] [8] Nc 
-inf2] v+ 
+IN[3 J 16) OUT 
v-[a] 5] nc 


"”ACKAGE 


TOP VIEW 


PACKAGE 
8-LEAD PLASTIC SOIC 


N PACKAGE 
ERAMIC DIP 8-LEAD PLASTIC DIP 


ORDER PART. 


NUMBER 


LTC1049MH 
LTC1049CH 


LTC1049MJ8 
1TC1049CJ8 
LTC1049CN8 


LTC1049CS8 


ELECTRICAL CHARACTERISTICS 


Vg= + 5V, T,= operating temperature range, unless otherwise specified. 


LTC1049M LTC1049¢ 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Ty = 25°C (Note 3) +2 +10 +2 
Average Input Offset Drift £002 +01 £0.02 
Long Term Offset Voltage Drift §0 50 
Input Offset Current Ty = 25°C £90 +60 +30 

e +150 
Input Bias Current Ty = 25°C +15 +30 +16 

e +800 
Input Noise Voltage 0.1Hz to 10Hz 3.0 3.0 

| 0.1Hz to 1Hz L 1.0 1.0 

Input Noise Current f= 10Hz (Note 4) . 2.0 
Common Mode Rejection Ratio | Voy=V~ to2.7V 130 
Power Supply Rejection Ratio 110 430 
Large Signal Voltage Gain Ry = 100k, Voyr= + 4.9V e 130 160 130 160 


OER 


LTCIO49 


ELECTRICAL CHARACTERISTICS 
Vg = + 5V, Ta = operating temperature range, unless otherwise specified. 


PARAMETER 
Maximum Output Voltage Swing 


Slew Rate 
Gain Bandwidth Product 
Supply Current 


Internal Sampling Frequency 


The @ denotes the specifications which apply over the full operating Note 3: These parameters are guaranteed by design. Thermocouple effects 
temperature range. preclude measurement of these voltage levels in high speed automatic test 
Note 1: Absolute Maximum Ratings are those values beyond which the life systems. Vog is measured to a limit determined by test equipment capability. 
of the device may be impaired. Note 4: Current Noise is calculated from the formula: 

A + 
Note 2: Connecting any terminal to voltages greater than V* or less than Iy=Vi2q 1b) 


V7 may cause destructive latch up. It is recommended that no sources 
operating from external supplies be applied prior to power-up of the 
LTC1049. 


where q=1.6x 10" Coulomb. 


TEST CIRCUITS 


DC to 10Hz and DC to 1Hz Noise Test Circult 


Electrical Characteristics 
Test Circuit 


BANDWIDTH = R1 R23 R4 C2 C3 4 
40Hz 16.20 162k 16.2k 16.20 O.1pF 1.0pF 1.0pF 
1Hz 16.20 162k 162k 162k 1.0nF 1.0pF 1.0uF 
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PRELIMINARY 


LINEAR C108 


TECHNOLOGY Dual Precision Chopper 
Stabilized Operational Amplifier With 
Internal Capacitors 


LI 


May 1989 
FEATURES DESCRIPTION 
= Dual Low Cost Precision Op Amp The LTC1051 is a high performance, low cost dual chopper 
® No External Components Required stabilized operational amplifier. The unique achievement 
= Maximum Offset Voltage 5:V of the LTC1051 is that it integrates on chip the sample- 
= Maximum Offset Voltage Drift 0.05nV/°C and-hold capacitors usually required externally by other 
@ Low Noise 1.5uVp. (0.1Hz to 10Hz) chopper amplifiers. Further, the LTC1051 offers better 
® Minimum Voltage Gain, 120d8 combined overall DC and AC performance than is avail- 
= Minimum PSRR, 120dB able from other chopper stabilized amplifiers with or with- 
@ Minimum CMRR, 114dB out internal sample/hold capacitors 
ie Supply Current imAlOp Amp The LTC1051 has an of S.: O.5nV, drift of 
ingle Supply Operation 4.75V to 16V 0.04,V/°C. DC to 4 8 voltage of 15Ve0 and 
™ Input Common Mode Range Includes Ground et 96 OF Toe Yop an 
= Output Swings to Ground a pe es) 140dB. T, rate of 4Vius and 
™ Typical Overload Recovery Time 3ms aarti th prod “fi re achieved with 
a Pin Compatible with Industry Standard Dual Opaurgs ‘e pamp. 
times from positive and negative 


0 AS 
APPLICATIONS 40 t pie conditions are 1.5ms and 3ms respectively, 
out 100 or more times improvement over chopper ampli- 


* Eston ae yise? Dp fiers using external capacitors. 


= Medical Instrumentati The LTC1051 is available in standard plastic and ceramic 
® Strain Gauge gor dual in line packages as well as a 16-pin SOL package. The 
® High Resolutio®Data Acquisition LTC1051 can be a plug in replacement for most standard 
= DC Accurate R, C Active Filters dual op amps with improved performance. 
TYPICAL APPLICATION 

High Performance Low Cost Instrumentation Amplifier LTC1051 Noise Spectrum 


R1=4990, 0.1% 

R2=100k0. 0.1% —vV 
GAIN = 201 

MEASURED CMRR ~ 12008 AT BC 

MEASURED INPUT Vog 3nV 

MEASURED INPUT NOISE 2uVp-p (DC ~ 10Hz) 


VOLTAGE NOISE DENSITY (nV/VHz ) 


10 100 1k 10k 
FREQUENCY (H2) 


Specifications on this datasheet are preliminary only, and subject to 
{ y LINSAR change without notice. Contact the manufacturer before finalizing a design 1 3 3 
using this part. 1 


LTC1051 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Total Supply Voltage (V+ toV—) .........cceseee eee 18V ja a - 

input Voltage .........s.+e-. (V+ +03V)to(V- -03V) er one NUMBER 

Output Short Circuit Duration.................. Indefinite +a By] fg] - 8 LTG1051MJ8 

Operating Temperature Range Ey ples LTC10510u8 
LTCIOSIM ....ccccc cece euseeenseeeees — 55°C to 125°C BLEADCERAMIC DIP BLEAD PLASTIC OP LTC10510N8 
LTGIOS1C wis sceciaeeeessecees Seeeeete - 40°C to 85°C ToP VIEW 

Storage Temperature Range............. ~ 65°C to 150°C g LTC1051CS 

Lead Temperature (Soldering, 10sec.) ............. 300°C 


SO PACKAGE 
16-LEAD PLASTIC SOIC 


ELECTRICAL CHARACTERISTICS 


Vg = + 5V, Ta = operating temperature range unless otherwise specified. 


LTC1051 


PARAMETER Tye 


Input Offset Voltage +05 +5 
Average Input Offset Drift je; sO, HC 
Long Term Offset Drift Pe Se 
input Bias Current T,= 25°C +15 +65 
LTC1051C +125 
LTC1051M +460 pA 
Input Offset Current Ty = 26°C +30 +125 pA 
£175 pA 
Input Noise Voltage Re = 1000, DC to 10Hz 15 upp 
Rg = 1000, DC to 1Hz 0.4 AY, 
Input Noise Current f= 10Hz ] fANHz 
Common Made Rejection Ratio, CARR Vom=V— to +2.7V, Ty= 25°C 7 
Differential CMRR | | dB 
Power Supply Rejection Ratio Vg = + 2.375V to + 8V dB 
Large Signal Voltage Gain Ry = 10k0, Vour= + 4V dB 
Maximum Output Voltage Swing R= 10k V 
Ry = 100k v 
Stew Rate R, = 10ka, C, = 50pF Vis 
Gain Bandwidth Product MHz 
Supply Current No Load, T, = 25°C 3.25 mA 
45 mA 
Internal Sampling Frequency kHz 
Vs = 5V, GND, Ta = operating temperature range unless otherwise specified. 
{T1051 
PARAMETER CONDITIONS MIN TYP MAX UNITS 
Input Offset Voltage Ty= 25°C £05 +5 WV 
Input Offset Drift £0.01 +£0.05 VPC 
{nput Bias Current Ty=26°C +10 +50 pA 
Input Offset Current Tg = 25°C +20 +80 pA 
Input Noise Voltage DC to 10Hz 18 pp 
Supply Current No Load, Ta=25°C 1 2 mA 


The @ denotes the specifications which apply over the full operating temperature range. 
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PRELIMINARY 

a } \D LTC1064-2 
TECHNOLOGY Low Noise, High Frequency, 
8th Order Butterworth Lowpass Filter 


May 1989 
FEATURES DESCRIPTION 
m 8th Order Filter in a 14-Pin Package The LTC1064-2 is a monolithic 8th order lowpass butter- 
m 140kHz Maximum Corner Frequency worth filter, which provides a maximally flat passband. 
a No External Components The attenuation slope is — 48dB/octave and the maximum 
w 50:1 and 100:1 Clock to Cutoff Frequency Ratio attenuation is in excess of 80dB. An external TTL or CMOS 
= 80:Vans Total Wideband Noise Clock programs the filter’s cutoff frequency. The clock to 
= 0.03% THD or Better cutoff frequency ratio is 100:1 (pin 10 at negative supply) 
m Operates from +2.37V to +8V Power Supplies or 50:1 (pin 10 at V+). The maximum cutoff frequency is 

140kHz. No external components are needed. 

APPLICATIONS The LTC1064-2 features low wi a and low har- 


monic distortion ate ages up to 3VrMs. In 
w Antialiasing Filters fact the LTC erformange competes with 
= Smoothing Filters vee ‘8p amp septs The 
m Tracking High Frequency Lowpass Filters € Or ; tig’ Na ba M4 Teale 
u -2 is fabricated usi 
er Ate falog CMOS Si-gate process. 


C1064-2 is pin compatible with the LTC 1064-1. 


8th Order Clock Sweepable 
Lowpass Butterworth Filter 


NOTE: THE POWER SUPPLIES SHOULD BE BYPASSED BY A 0.1F Q 100 200 300 400 500 600 700 
CAPACITOR CLOSE TO THE PACKAGE. THE NC PINS 1, 6, 8, AND FREQUENCY (kHz} 
13 SHOULD BE PREFERABLY GROUNDED. 
ppocicetons on this datasheet are preliminary only, and subject to 
{ y Ll ICAR change without notice, Contact the manufacturer before finalizing a design 1 1 5 
using this part. 3- 


LTC1064-2 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Total Supply Voltage (V+ toV—) 0... eee eeees 16.5V TOP VIEW ORDER PART 
Power Dissipation ......0...0.:ceceeeeeeeeeaeenes 400mW NUMBER 
Storage Temperature Range............. - 65°C to 150°C 
ee Temperature (Soldering, 10 sec.) ...........005 300°C LTC1064-2MJ 
perating Temperature Range ; tou : 
LTC1064-2M..cscscsccseseseeeseesen ~ 55°C to 125°C Be ener oe 
UTC 1064-26 ci crestcutyeotesmvaneady . ~ 40°C to 85°C uit 


NC 


J PACKAGE N PACKAGE 
14-LEAD CERAMIC DIP = 14-LEAD PLASTIC DIP 


eal LTC01064-2CS 


LTC1064-2 
fouk 


50/100 
NG 
Vout 


S$ PACKAGE 
16-LEAD PLASTIC SOL 


ELECTRICAL CHARACTERISTICS 


Vg = £7.5V, 100:1, fork =2MHz, Ri = 10k0, Ta = 25°, TTL clock input level, unless otherwise specified. 


PARAMETER CONDITIONS MIN TYP MAX | UNITS 
Passband Gain (Note 1) Referenced to 0dB, 1Hz to 1kHz e| -05 0.15 dB 
Gain TempCo 0.0002 aBicC 
~ 3dB Frequency 100:1 20 kHz 

50:1 40 kHz 
Gain at - 3dB Frequency Referenced to OB, fiy = 20kKHz e -3 ~2.75 dB 
Stopband Attenuation At 1.5 _ agp, 80:1, fy = 60KHZ e 24 a7 dB 
Stopband Attenuation At 2f gp, 100:1, fiy = 40KHz e -46 47 dB 
Stopband Attenuation At 3t_4yp, 100:1, fyy = 60KHZ 74 dB 
Stopband Attenuation At 4f_3qp, 100:1, fy = 80kHz 90 dB 
Input Frequency Range 100:1 0 <forxl2 kHz 

50:1 qt She kHz 
Output Voliage Swing and Vg= 2 2.37V e 10 10 v 
Operating Input Voltage Range Vg= +5V e -34 3.2 v 

Vg = + 7.5V ® -50 5.2 Vv 
Total Harmonic Distortion Vg = + SV, Input = 1Vpyg at 1kKHz 0.015 % 

Vg = + 7.5V, Input = 3Vpys at 1kHZ | 0,03 | % 
Wideband Noise Vg = +5V, Input= GND 1Hz-1.99MHz 80 uVews 

Vg = +7.5V, Input = GND 1H2-1.90MHz \ 90 iN pMs 
Output DC Offset (Note 1) Vg= +7.5V +30 £125 mV 
Output DC Offset TempCo Vg= +5V -90 aViPC 
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LTC1064-2 


ELECTRICAL CHARACTERISTICS 


Vg = + 7.5V, 100:1, foLk = 2MHz, R1 = 10k0, Ta = 25°, TTL clock input level, unless otherwise specified. 


CONDITIONS MIN TYP MAX 
Ra i eS a el eG 
SC ee ae ee es 

Soure/Snk a ees ee 


50% Duty Cycle, Vs = + 5V 
50% Duty Cycle, Ty = 25°C, Vg= + 7.5V 


PARAMETER 
Input Impedance 
Output Impedance 
Output Short Circuit Current 
Clock Feedthrough 
Maximum Clock Frequency 


Power Supply Current Vg = + 2.87V, fork = 1MHz 
Vg = + 5Y, fo.x = IMHz mA 
2 mA 
Vg = + 8V, fo.y = 1MHz 16 mA 


Power Supply Voltage Range 
The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: For tighter specifications contact LTC Marketing. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Graph 3. Group Delay vs 


Graph 1. Amplitude Response Graph 2. Phase Response Frequency 


[| 
eal Nafta | 
Ne 


PHASE (DEGREES) 


~450 0 
04123 45 6 7 8 § 0 14 0 123 45 6 7 8 9 10 11 
fin (kHz) fin (kHz) 


Graph 4. Total Harmonic Distortion = 0.03%, Graph 5. Wideband Noise =87:Vams, 
Input = 3Vpys at 1kHz, Vg= + 7.5V, Vs = + 7.5V, icLx = 2MHz, 100-1 
fork = 1MHz, 100:1 f_ sag = 10kHz f sap = 20kHz 
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LTC1064-2 


TYPICAL PERFORMANCE CHARACTERISTICS 


Graph 7. Amplitude Response 
Graph 6. Power Supply vs Current with Pin 10 at Ground 


Vout/Vin (dB) 


POWER SUPPLY CURRENT (mA) 


0 
0 2 4 6 8 10 12 14 16 18 20 22 24 
POWER SUPPLY VOLTAGE (V) fy (kHz) 


PIN DESCRIPTION 


When the 50/100 pin (10) is connected to V+, the fo./f-sgB 
ratio is equal to 50. When pin 10 is at V~, the fouK/f-sap 
ratio equals 100. When pin 10 is grounded (or floated), the 
passband of the filter loses its flatness, Graph 7, and its 
amplitude response does not approximate a Butterworth 
filter. 


The “no connection” pins (1, 6, 8, 13) should be preferably 
grounded, especially when high cutoff frequencies are 
sought. 
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TECHNOLOGY Low Noise, High Frequency, 
8th Order Linear Phase Lowpass Filter 
March 1989 

FEATURES DESCRIPTION 
wm 8th Order Filter in a 14-Pin Package The LTC 1064-3 is a monolithic 8th order lowpass Bessel fil- 
a 100kHz Maximum Corner Frequency ter, which provides a linear phase response over its entire 
w No External Components passband. An external TTL or CMOS clock programs the 
m 75:1 and 150:1 Clock to Cutoff Frequency Ratio filter's cutoff frequency. The clock to cutoff frequency ra- 
w 80.Vans Total Wideband Noise tio is 75:1 (pin 10 at V+) or 150:1 (pin 10 at V~). The maxi- 
wm 0.005% THD or Better mum cutoff frequency is 100kHz. No external components 

m Operates from +2.37V to +8V Power Supplies are needed. 


= LOW Jota! Output DEG fist The LTC1064-3 features low we ise and low har- 


monic distortion ate ages up to 3Vpus. In 
APPLICATIONS fact the que er 


ormange competes with 
equiygle amp eA ; alizations. The 


= Antialiasing Filters 4-31S available § 4 4 or 16-pin surface 
m= Smoothing Filters appre i Tigges C1064-3 is fabricated using 


m Tracking High Frequency Lowpass Fiitongg LT i alog CMOS Si-gate process. 


+40 QPP 1c10643 is pin compatible with the LTC1064-4, 2, 
eFe™ se? 


and -4, 
ion 


TYPICAL 


8th Order Clock Sweepable 
Lowpass Bessel Filter Measured Frequency Response 


=7MHz 


NOTE: THE POWER SUPPLIES SHOULD BE BYPASSED BY A 0.1 nF 10 100 

OR BETTER CAPACITOR CLOSE TO THE PACKAGE. THE FREQUENCY (kHz) | 
CONNECTION BETWEEN PINS 7 AND 14 SHOULD BE MADE UNDER 

THE {.C. PACKAGE. GROUP DELAY =9ps | 


using this part. 


Specifications on this datasheet are preliminary only, and subject to 
{ y | In KR change without notice. Contact the manufacturer before finalizing a design | 3 19 


PRELIMINARY 
/ LIN \| ) LTC1064-4 
L TECHNOLOGY Low Noise, 8th Order, Clock 


Sweepable Cauer Lowpass Filter 


February 1989 

FEATURES DESCRIPTION 
w 8th Order Filter in a 14-Pin Package The LTC1064-4 is an 8th order, clock sweepable Cauer low- 
mw 80dB or More Stopband Attenuation pass switched capacitor filter. An external TTL or CMOS 
m 50:1 and 100:1 Clock to Center Ratio clock programs the value of the filter's cutoff frequency. 
# 130uVams Total Wideband Noise With pin 10 at V+, the clock to cutoff frequency ratio is 
w 0.03% THD or Better 50:1; the passband ripple is +0.1dB and the stopband 
m 100kHz Maximum Cutoff Frequency attenuation is 80dB at 2x fcutorr. Cutoff frequencies up 
w Operates up to + 8V Power Supplies to 100kHz can be achieved. When pin 10 is at V~, the filter 
w Input Frequency Range up to 50 Times the Filter has a transitional Butterworth- response with a 
Cutoff Frequency clock to -3dB et :1. The stopband 

attenuation of ook ‘a cutoff frequency. 

APPLICATIONS met’ lo ah, harmonic dis- 


<9 _ when i to 3Vpms are applied. 
w Antialiasing Filters ger th soem formance competes with equiva- 
» Telecom Filters *t AN Nate active realizations. The LTC1064-4 is 
m Sinewave Generators qt? E p pht ns Pre with the LTC1064-1, LTC1064-2, and 

nev 1S The LTC 1064-4 is manufactured using Linear Technology's 


enhanced LTCMOS™ silicon gate process. 


TYPICAL APPLICATION 


8th Order Clock Sweepable Measured Frequency Response 
Lowpass Elliptic Filter 


COMP2 

—8V 

CLOCK (TTL, =s5MHz) 

V+ ORV- 

Vout 
NOTE: THE POWER SUPPLIES SHOULD BE BYPASSED BY A 0.1pF 10k 100k iM 
CAPACITOR CLOSE TO THE PACKAGE. FREQUENCY (Hz) 
BYPASSING PIN 10 WITH A 0. 1uF DISC CERAMIC CAPACITOR 
IMPROVES CLOCK FEEDTHROUGH. CURVE A: folk =2MHz, 100:1 
FOR CUTOFF FREQUENCY ABOVE 40kHz, USE 27pF-SpF CURVE 8: fo.K=2MHz, 50:1 
COMPENSATION CAPACITORS. BETWEEN PINS 13 AND 1 AND 6 AND 7 CURVE C: f¢1x=5MHz, 60:1 
THE CONNECTION BETWEEN PINS 7 AND 14 SHOULD BE Ccomp1=18pF 
PHYSICALLY DONE UNDER THE PACKAGE. Coomp2=24pF 

Specifications on this datasheet are preliminary only, and subject to 
1 3 20 change without notice. Contact the manufacturer before finalizing a design { J LINCAR 
a using this part. 


NOLOGY 


FEATURES 


@ 5A On-Board Switch 

@ Up to 200kHz Switching Frequency 

= Greatly Improved Dynamic Behavior 

= Available in Low Cost 5-Lead Packages 
= Only 7mA Quiescent Current 

® Programmable Current Limit 

™ Operates Up to 60V Input 

® Includes Output Voltage Monitor 

™ Micropower Shutdown Mode 


APPLICATIONS 


= 5A Buck Converter with Output Voltage Range of 
2.5V to 50V 
= Tapped Inductor Buck Converter with 10A Output at 5V 
= Positive-to-Negative Converter, 4.5V to 50V Input, 
-3.5V to ~ 40V Output 


= Negative Boost Converter, - 4.5V to - 40V gore 


~8V to - 50V Output 
® Multiple Output Buck Co 


= Single or OO 
DESCR ni 


The LT1074 is a §, RE switching regulator 
which requires on external parts for normal opera- 
tion. The power switch, all oscillator and control circuitry, 
all current limit components, and an output monitor are in- 
cluded on the chip. The topology is a classic positive 
“buck” configuration but several design innovations allow 
this device to be used as a positive to negative converter, 


a f 


oO 
4 € ge? 


PRELIMINARY 


7 Wg: 


Switching Regulator 
June 1989 


a negative boost converter, and as a flyback or forward 
converter. The switch output is specified to swing 40V be- 
low ground. This feature permits the LT1074 to use a 
tapped inductor in the buck mode, with output currents up 
to 10A using no external switch transistor. 


The LT1074 uses a true analog multiplier in the feedback 
loop. This makes the device respond nearly instanta- 
neously to input voltage fluctuations and makes loop gain 
independent of input voltage. As a result, dynamic behav- 
ior of the regulator is significantly improved over previous 
voltage mode designs without the complexity and noise 
sensitivity of current mode nate 


iffmakes the LT1074 


On-chip pulse by pulse 
overloads or shorts, and 
to exter nents. The input 


avoids s 
or: e as a bu t' BV to 60V, but a 
-boot featu levice to operate with input 
volt a as 4.5V in the inverting and boost 
ions. 


The LT1074 is available in low cost 5-lead TO-220 or TO-3 
packages with frequency pre-set at 100kHz and current 
limit at 7A. An 11-pin single-in-line package (SIP) is also 
available which allows switching frequency to be in- 
creased to 200kHz and current limit to be adjusted down 
to zero. In addition, full micropower shutdown can be pro- 
grammed as well as external current sensing, and soft 
start. An output monitor “status” pin can be used as a mi- 
croprocessor reset, and a complementary output pin will 
allow implementation of ultra-high-efficiency designs. 


TYPICAL APPLICATION 


Basic Positive Buck Converter 
ul 


10V TO 40V 7 


“OPTIONAL —- USE 1F CONVERTER 1S MORE THAN 2° 
FROM RAW SUPPLY FILTER CAPACITOR 
TPULSE ENGINEERING, INC. #PE-92114 


LI VIER 


using this part. 


Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before fi 


Switch “On” Voltage 


"ON" VOLTAGE (V) 


2 3 4 
SWITCH CURRENT (A) 


inalizing a design 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Input Voltage 
(NOU c ce cette taut sie aac at 45V eortoM view ORDER PART 
CTIOTABY iccaltehiauceiseatectevecartacersisre 64V NUMBER 
Switch Voltage with Respect to Input Voltage p 
OM ee oe at av Ss LTTAMK 
LTAOTSAV csi veiics scisedcskeviecveretasteinseewets 75V i LT1074CK 
Sate Woliie with Respect to Ground Pin ae ie eet CTA074HVCK 
LTAOPAHV: toswarsa ae veiusns tee duebanncrecees caves 45V 
Feedback Pin Voltage ...........ssscceeeeees -2V, +10V LT1074CT 
Shutdown Pin Voltage.........cseseeeeseeeeeeeeeeees 40V ——aov LT4074HVCT 
Status Pin Voltage ...........ccececesseeeeeeeeeeeees 30V v 
(Current Must Be Limited to 5mA When Status Pin Trius 
Switches “On”) 5-LEAD 70-220 
Complementary Output Voltage ..........+.ssseseees 40V FOR STRAIGHT LEADS, ORDER 
(Current Must Be Limited to 15mA When Output FLOW 06 
Switches “On”) 
IL Pin Voltage (Forced) ...........cceceeeeeeeeee ees 4.5V 
ExtLim Pin Voltage ..............66. Vin — 2V to Vin +.0.4V LT1074CV 
Freq Pin Voltage ........ccccecesececaeeeeeeseesuees 5.5V ea LT1074HVCV 
Maximum Operating Ambient Temperature Range : 
LT1074C, LTIO74HVC 1.0.02... eee eee eee 0°C to 70°C 
LT1074M, LTIO74HVM ......... eee - 55°C to 125°C 
Maximum Operating Junction Temperature Range 
LT1074C, LTI074HVC....... eee eee 0°C to 100°C Mapes 
LT1074M, LTI074HVM ...........-.065 ~ 55°C to 150°C CASE IS CONNECTED TO GROUND 
Maximum Storage Temperature ......... - 65°C to 150°C LEADS PE FOR: 
Lead Temperature (Soldering, 10 sec) .............. 300°C 
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ELECTRICAL CHARACTERISTICS T)=25°C, Vin =25V, unless otherwise noted. 


PARAMETER CONDITIONS MIN TYP MAX UNITS 
Switch “On” Voltage (Note 1) Igw= 1A, T}20°C 18 V 
Igw= 1A, T]<0°C 2.0 V 
Igw=5A, T}20°C 23 v 
Igw = 5A, T}<0°C 25 7] 
Switch “Off” Leakage (Note 6, 7} 1 300 pA 
Supply Current Veg = 2.5V, Vin < Vaax (Note 2, 7) 7 9 mA 
Minimum Supply Voltage Normal Mode e 7.3 8 V 
Startup Mode e fee 3.5 45 ES V 
Switch Current Limit fim Open | e 5 65 85 A 
Rum = 14k (Note 5) 5 A 
Ruy =8.4k (Note 5) 3 A 
Switching Frequency 90 100 110 kHz 
e 85 125 kHz 

Vep=0V through 2k0 20 _| 
Error Amplifier Voltage Gain WsVos4V 2000 VN 
Error Amptifier Transconductance 4000 pmho 
Feedback Pin Bias Current | Ves = Veer e 0.5 2 pA 
Reference Voltage Vo=2V e 2.155 2.21 2.265 V 
Reference Voltage Tolerance | +0.5 £15 rile % 
All Conditions of Input Voltage, Output e +1 £25 % 

Voltage, Temperature and Load Current et 
Error Amplifier Source and Sink Current Source (Veg = 2V) 140 pA 


Vc Voltage at 0% Duty Cycle 


Sink (Vep=2.5V) 


Over Temperature 


Multiplier Reference Voltage V 
Reference Voltage Line Regulation 8V < Vin < Vinay (Note 7) 0.005 0.02 YI 
Switching Frequency Line Regulation 8V <Vin< Vax (Note 7) 0.05 YIN 
Shutdown Pin Current Voy =5V 10 20 pA 

Vsu<Vtureshotp (= 2.5V) 50 pA 
Shutdown Thresholds Switch Duty Cycle =0 2.35 2.55 i V 

Fully Shut Down 0.3 0.5 V 
Status Window [As a Percent of Feedback Voltage +5 6 sale % 
Status High Level Igtatus =0 4.0 5.0 Vv 
Status Low Level Igtatug = 1.6mA 0,25 0.4 V 
Status Delay Time 9 ps 
Status Minimum Width a 25 ps 
Freq Pin Voltage Rerpneg = 15k 17 V 
COMOUT Saturation Voltage [tein = 10mA 07 le V 
COMOUT Leakage Voomout = 20V 1 uA 


The @ denotes the specifications which apply over the full operating tem- 


perature range. 


Note 1: To calculate maximum switch “on” voltage at currents between 1A 


and 5A, a linear interpolation may be used. 


Note 2: A feedback pin voitage (Vg) of 2.5V forces the V¢ pin to its low 
clamp level and the switch duty cycle to zero. This approximates the zero 
load condition where duty cycle approaches zero. 


Note 4: Switch frequency is internally scaled down when the feedback pin 


voltage is less than 0.6V to avoid extremely short switch on times. During 


testing, Veg is adjusted to give a minimum switch on time of tus. 


Note 5: This design center value may change slightly on the final data- 


Note 3: Total voltage from Vj pin to ground pin must be 2 8V after startup 


for proper regulation. 


sheet. 
Note 6: Switch off leakage is measured with Viy = Vax and Vow = OV. 
Note 7: Vyay = 40V for the LT1074 and 60V for the LT1074HV, 


LY WEAR 
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LT1074 
BLOCK DIAGRAM 


INPUT SUPPLY 


POWER 6V 6v T0 
SHUTDOWN aries ALL CIRCUITRY 


CURRENT 
LIMIT 
cOMP 


0.035 
CURRENT 
| LIMIT 
SHUTDOWN 
=o 10k 
SHUTDOWN" lu” =v 
v 
SYNC PREG BOOST 
400kHz 7 
OSCILLATOR 
s FS [61 Jo 
LATCH 
R 
VOLTAGE 
MONITOR 
COMOUT" 
4000 
: ANALOG 
PIAIUS y, MULTIPLIER Aer 
= Y V 
2.21V > AMP Ww WIDTH 
. Z COMPARATOR 

4 a SWITCH 

OUTPUT 

FB Vg 20V (EQUIVALENT) * AVAILABLE ONLY ON 11-PIN SIP PACKAGE (Vsw) 
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Se eT NE A I I I I I ET 


BLOCK DIAGRAM DESCRIPTION 


A switch cycle in the LT1074 is initiated by the oscillator 
setting the R/S latch. The pulse that sets the latch also 
locks out the switch via gate-G1. The effective width of 
this pulse is approximately 700ns, which sets the maxi- 
mum switch duty cycle to approximately 93% at 100kHz 
switching frequency. The switch is turned off by compara- 
tor C1, which resets the latch. C1 has a sawtooth wave- 
form as one input and the output of an analog multiplier as 
the other input. The multiplier output is the product of an 
internal reference voltage, and the output of the error am- 
plifier, A1, divided by the regulator input voltage. In stand- 
ard buck regulators, this means that the output voltage of 
A1 required to keep a constant regulated output is: in- 
dependent of regulator input voltage. This greatly im- 
proves. line transient response, and makes loop gain 
independent of input voltage. The error amplifier is a 
transconductance type with a Gy at null of approximately 
4000umho. Stew current going positive is 140 microamps, 
while negative slew current is about 800 microamps. This 
asymmetry helps prevent overshoot on startup. Overall 
loop frequency compensation is accomplished with a 
series RC network from Vc to ground. 


Switch current is continuously monitored by C2, which re- 
sets the R/S latch to turn the switch off if an overcurrent 
condition occurs. The time required for detection and 
switch turn off is approximately 600ns, so minimum 
Switch ‘‘on’” time in current limit is 600ns. Under dead 
shorted output conditions, switch duty cycle may have to 
be as low as 2% to maintain control of output current. This 
would require switch on time of 200ns at 100kHz switching 
frequency, so frequency is reduced at very low output volt- 
ages by feeding the FB signal into the oscillator and creat- 
ing a linear frequency downshift when the FB signal drops 
below 1V. Current trip level is set by the voltage on the ILim 
pin which is driven by an internal 320 microamp current 
source. When this pin is left open, it self-clamps at about 
4.5V and sets current limit at 6.5A. In the 11-pin package 
an external resistor can be connected from the IL pin to 
ground to set a lower current limit. A capacitor in parallel 
with this resistor will soft-start the current limit. A slight 
offset in C2 guarantees that when the IL! pin is pulled to 
within 200mV of ground, C2 output will stay high and force 
switch duty cycle to zero. 


An output voltage monitor is included on the chip. Its out- 
put is available only on the 11-pin version. The monitor out- 
put goes low when the voltage on the FB pin is more than 
5% above or below the normal regulated value. This pin 
can be used to “hold off” load functions until the regulator 
output is normal or it can be used as a microprocessor 
reset. 


The “Freq” pin is used to raise switching frequency, and to 
synchronize the oscillator to an external signal. A resistor 
to ground will raise frequency. A 3V~5V pulse coupled 
through a diode will synchronize the internal oscillator 
from 110% to 160% of its normal frequency. The pulse 
should be 300ns wide. Synchronizing can also be done 
with the 5-lead LT1074 by pulling the Vc pin to ground for 
300ns with a transistor. This has only a slight effect on 
regulated output voltage if the series resistor in the fre- 
quency compensation network is at least 1k0. 


The “Shutdown” pin is used to force switch duty cycle to 
zero by pulling the l,j pin low, or to completely shut down 
the regulator. Threshold for the former is approximately 
2.35V, and for complete shutdown, approximately 0.3V. 
Total supply current in shutdown is about 100 microamps. 
A 10 microamp pull-up current forces the shutdown pin 
high when left open. A capacitor can be used to generate 
delayed startup. A resistor divider will program “undervolt- 
age lockout” if the divider voltage is set at 2.35V when the 
input is at the desired trip point. 


The “Comout” pin is an open collector switch whose vollt- 
age is the complement of the switch output (Vsw). In addi- 
tion, the falling edge of Comout is slightly time-shifted to 
avoid overlap with Vsw. Comout is used to drive external 
MOSFETs in certain multiple-output and very high effi- 
ciency applications. 


The switch used in the T1074 is a Darlington NPN driven 
by a saturated PNP. Special patented circuitry is used to 
drive the PNP on and off very quickly even from the satura- 
tion state. This particular switch arrangement has no 
“isolation tubs” connected to the switch output, which 
can therefore swing to 40V below ground. 
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LT1074 
TYPICAL APPLICATIONS 


Tapped Inductor Buck Converter 


20V TO 30V Free : 1004H 5y 


MUR110 


*OPTIONAL — USE IF CONVERTER IS MORE THAN 2” 
FROM RAW SUPPLY FILTER CAPACITOR 
**TAPPED INDUCTOR TOPOLOGY HAS A SQUARE WAVE 
COMPONENT OF OUTPUT RIPPLE. A SuH, 200uF 
OUTPUT FILTER CAN BE ADDED. 
TTAPPED AT 3:1; PULSE ENGINEERING, INC. #PE-65282 


TTMOTOROLA MBR1N5828 


Positive to Negative Converter 


D1 
MBR745 


“OPTIONAL — USE IF CONVERTER IS MORE THAN 2” 
FROM RAW SUPPLY FILTER CAPACITOR 
“*LOWER OUTPUT RIPPLE CAN BE OBTAINED BY 
PARALLELING SEVERAL LOWER VALUE CAPACITORS. 
AN OUTPUT FILTER OF SpH, 1004F WILL GIVE 
20:1 RIPPLE ATTENUATION WITH AN ESR OF 0.12 
ON THE 100pF CAPACITOR. 
TPULSE ENGINEERING, INC, #PE-51590 
TtMAXIMUM OUTPUT CURRENT {S 1.5A AT Viy=5V, 
3A AT Viy=15V, AND 3.5A AT Viy=30V 


Negative Boost Converter 


—Vin 
—4.5V TO —15V 


“OPTIONAL — USE IF CONVERTER IS MORE THAN 2” 
FROM RAW SUPPLY FILTER CAPACITOR 
**USE PARALLEL UNITS OF LOWER VALUE FOR 
LOWER RIPPLE, OR ADD AN OUTPUT FILTER. 
SpH AND 100pF WITH ESR =0.19 WILL GIVE 
20:1 RIPPLE ATTENUATION. 
TPULSE ENGINEERING, INC. #PE-51590 
TY MAXIMUM OUTPUT CURRENT IS 0.84 AT Viy = —5V, 
1.7A AT Viy = —8V, AND 2.7A AT Viy = —12V. 
OUTPUT SHORTS ARE NOT ALLOWED ON A BOOST 
CONVERTER BECAUSE Li AND D1 WOULD 
SHORT THE INPUT SUPPLY. 
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PRELIMINARY 
LT1077 


LY WU mee 


Micropower, Single Supply, 


Precision Op Amp 
March, 1989 
FEATURES DESCRIPTION 
= 60yA Max Supply Current The LT1077 is a micropower precision operational amplifier 
= 40uV Max Offset Voltage optimized for single supply operation at 5V. + 15V speci- 
® 350pA Max Offset Current fications are also provided. 
™ 0.5,Vp-p 0.1Hz to 10Hz Voltage Noise Micropower performance of competing devices is achieved 
a 2.5pAp-p 0.1Hzto 10Hz Current Noise at the expense of seriously degrading precision, noise, 
= 0.4,V/°C Offset Voltage Drift speed, and output drive specifications. The LT1077 reduces 
= 250kHz Gain-Bandwidth-Product supply current without sacrificing other parameters. The 
= 0.12Vius Slew Rate offset voltage achieved is the lowest of any micropower op 
= Single Supply Operation amp. Offset current, voltage and cugtgat noise, slew rate 
Input Voltage Range Includes Ground and gain-bandwidth produc ten times better 
Output Swings to Ground while Sinking Current than on previous mj 
No Pull-Down Resistors are Needed The tit tO7H 
= Output Sources and Sinks 5mA Load Current 1 e # Fest : nel 
afwe which can on devices with an order of 


ply current. 


APPLICATIONS a pBr™ nap: 


| is completely plug-in compatible (including nul- 
= Replaces OP-07, OP-7 LIWOOT, LT1012 ED 9) with all industry standard precision op amps. Thus, it 


at 10 to 60 Ti er yiS can replace these precision op amps in many applications 
= Battery or ered Syst Ee without sacrificing performance, yet with significant power 
= 4mA to 20m a savings. 
= Two Terminal C ce ithi 
= Megaohm Source Resistance Difference Amplifier The LT1077 can be operated from one lithium cell or two 


Ni-Cad batteries. The input range goes below ground. The 
all-NPN output stage swings to ground while sinking cur- 
rent—no pull-down resistors are needed. 


For dual and quad op amps with similar specifications 
please see the LT1078/LT1079 datasheet. 


PACKAGE INFORMATION 


Top View Distribution of Input Offset Voltage 


Vs =5V, OV 
Ta= 25°C 

1 I 
1072 UNITS 
TESTED IN 


H, J8, NB 


J PACKAGE N PACKAGE 
8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP PACKAGES 


TOP VIEW 


Vos TRIM [8] Vos TRIM 
—IN 12] ve x 
111077 H PACKAGE 
+iN [3] [6] ouT 8-LEAD TO-S METAL CAN 
v- 15] Nc 


SOQ PACKAGE 
8-LEAD PLASTIC SOIC 


PERCENT OF UNITS 


Q 
—40 -30 -20-10 0 10 2 30 
INPUT OFFSET VOLTAGE (nV) 


Specifications on this datasheet are preliminary only, and subject to 


Jy change without notice. Contact the manufacturer before finalizing a design 
L LINCAR using this part. ee 1 3-2 7 


PREUWIMINARY 
nt / \2 LT1087 


TECHNOLOGY 


Adjustable Low Dropout Regulator 


FEATURES 


m Five Terminal Adjustable 

w Separate Sense Inputs Allow True Kelvin Sensing 

w Easily Parallelable 

= Operates.Down to 1V Dropout 

a Guaranteed Dropout Voltage at Multiple Current Levels 
w 0.05% Line Regulation 

w 0.1% Load Regulation at the Sense Point 


DESCRIPTION 


The LT1087 is a variation of the LT1084 eel 
Dropout 3 Terminal Regulator. T' he in- 
ternal i ag a mou to allo 
flexibility. Thes n be use 


Sao 


few 
few AT 


with Kelvin-Sense Inputs 
June 1989 


They can be used for true Kelvin sensing of the output volt- 
age at a remotely located load. They can be used to force 
the devices to share current equally when more than one 
device is wired in parallel, allowing the user to easily build 
higher current modules. This device is designed to provide 
5A of output current. All internal circuitry is designed to 
operate down to 1V input to output differential and the 
dropout voltage is fully specified as a function of load cur- 
rent. On-chip trimming adju ference voltage to 
1%. Current emai i , minimizing the stress 


> both th power squrce circuitry under 

s. A 10 acitor is required 

ese devices; at sually included in most 
egu a 


egulators, where up to 10% of the output cur. 


pate as quiescent current, the LT1087 quiescent 


current flows into the load, increasing efficiency. 


aie 
eneatl 


= 


Pw 


Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
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LT1087 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Power Dissipation............csesee0ee imi 
Input to Output Voltage Differential oe ceil 
MY GIQU0 ccivie sii vrevsvenaveavertanenedsanie ta 


YOM GEMS sic awccosanaewieee coun¥s levis weetwates : on 
Differential Voltage Between Sense Pins » @ LT1087MK 
(IV +SENSE—V-SENSE])....-.cccscevesceesceneesenes LT1087CK 
Sense Pin Voltage Saal 
Range.......... (Vout* - 1V)sVzsenses(Vour* + 0.4V) 
Operating Junction Temperature Range 
“M” Grade 
Control Section ...........ceseeeee - 55°C to 150°C 
Power Transistor ...........cceeees - 55°C to 200°C 


LT1087CT 


Control Section........ccseceeseceeers 0°C to 125°C 
Power Transistor............ceseeeeees 0°C to 150°C 
Storage Temperature .............0c000: - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec) .............. 300°C 


*Vour is referring to the regulator output pin voltage. 


PRECONDITIONING 
100% Thermal Limit Burn-in 


5-LEAD T0-220 


ELECTRICAL CHARACTERISTICS (see Note 1) 


PARAMETER CONDITIONS MIN TYP MAX UNITS 
Reference Voltage loyr= 10MA, Tj = 25°C, 
(Vin~ Vout) = 3V (K Package Only) 1.238 1.250 1.262 V 
10MA <loyts5A 
1.5V< (Vw - Vour) $25V e 1.225 1.250 1.270 Vv 
Line Regulation Ioap = 10MA, 1.5V <(Vjy - Vous) s 15V, T= 25°C 0.015 0.2 % 
e 0.035 0.2 % 
M Grade 
15V <(Vin~ Vout) <35V e 0.05 0.5 % 
C Grade 
15V < (Vin - Vor) <30V e 0.05 0.5 % 
(Notes 1, 2) 
Load Regulation (Vin- Your) =3V 
TOMA <loyrs5A 
T= 25°C (Notes 1, 2) 01 0.3 % 
e 0.2 0.4 % 
Dropout Voltage AVpgr = 1%, lout = 5A, (Note 4) e 13 1.5 v 
Common Mode Range of Sense (Vour- 1¥) SV a senses Vout 0.4 mV 
Pins AVper 
AVner/AV sense a =o 4omV) it vv 
Sense Pin ias Curent OE Cae eae 
Minimum Load Current (Vin-Vour) = 25¥ — 5 10 mA 
Therma! Regulation Ta= 25°C, 30ms pulse } | 0.003 0.015 % IN 
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ELECTRICAL CHARACTERISTICS (00 Note 1 


PARAMETER CONDITIONS 
Ripple Rejection f= 120Hz 


four = 5A, (Vin- Vour) = 3V 


Caps = 25eF, Coyt = 25yF Tantalum 


MAX UNITS 


MIN TYP 


Adjust Pin Current | %=25°C 


Adjust Pin Current Change - 10MA sigyps5A 


1.5V < (Vin — Vour)s25V 


Temperature Stability 


Long Term Stability Ty = 125°C, 1000 Hrs, 


RMS Output Noise (% of Voy) T= 25°C 


10Hz= <f<10kHz 


Thermal Resistance 
Junction to Case 


K Package: Control Circuitry/Power Transistor 
|___ T Package: Control Circuitry/Power Transistor i= { 


\ 0.003 % 
0.75/2.3 = °C 


06527 | CW 


The @ denotes the specifications which apply over the full operating 
temperature range. 

Note 1: See thermal regulation specifications for changes in output 
voltage due to heating effects. Load and line regulation are measured at a 
constant junction temperature by low duty cycle pulse testing. Unless 
otherwise specified, + Sense, — Sense and Voyr are tied together at the 
package. 

Note 2: Line and load regulation are guaranteed up to the maximum power 
dissipation (45W for the LT1087K, 30W for the LT1087T}. Power dissipation 
is determined by the input/output differential and the output current. Guar- 
anteed maximum power dissipation will not be available over the full input! 
output voltage range. 


Note 3: Load regulation is defined to be the change in output voltage at the 
sense point. The sense point is defined to be the point at which the sense 
pins, output, and the top of the resistive divider that sets the output voltage 
are tied together. The voltage drop from the output pin of the device to the 
sense point must be <1V. 

Note 4: Dropout voltage is specified over the full output current range of 
the device. Test points and limits are shown on the Dropout Voltage curve. 
Dropout voltage is defined to be the voltage from input to output and is 
tested with the sense pins tied to the output pin. 


TYPICAL PERFORMANCE CHARACTERISTICS 


LT1087 Dropout Voltage 


2 


Je INDICATES GUARANTEED TEST POINT 
ft 


—56°C <T}s 150°C 
+ 


0°C s7)< 125°C 


LT1087 Short Circuit Current LT1087 Load Regulation 
0.10 -—7—J a Fi 
Al=5A 
0.05 }—+ +—_| { 


|_| 
——— | 
pts | ii nserc | 


SHORT CIRCUIT CURRENT {A) 


bf t+ 4-14 


° 


—0.05 


OUTPUT VOLTAGE DEVIATION (%) 


MINIMUM INPUT/OUTPUT DIFFERENTIAL (V) 


OUTPUT CURRENT (A) 


INPUT/OUTPUT DIFFERENTIAL (V) 


22580 85 -50 -25 0 2 60 75 100 125 150 


TEMPERATURE (°C) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


T1087 Ripple Rejection LT1087 Ripple Rejection vs Current LT1087 Maximum Power Dissipation* 
100 wai —- — 
90 fy= 120Hz 
Vv s Wp 
80 auppLess SVP-p 
gs 8 70 
z = 
= = 0 T= 20Kh2 
a = 50 | Vevperes0-5VP-p 
a oo 
4 a2 T 
& & 
az z 30 
20 F-Vour=5V 
10 Cout=25pF 4 7 
0 1_ +. 0 
10 100 1k 10k 100k 0 4 2 3 4 5 50 60 70 80 90 100 110 120 130 140 150 
FREQUENCY (Hz) OUTPUT CURRENT (A) CASE TEMPERATURE (°C) 
“AS LIMITED BY MAXIMUM JUNCTION TEMPERATURE 
Minimum Operating Current Temperature Stability Adjust Pin Current 


So 


1.270 


1.260 


REFERENCE VOLTAGE (V) 
2 
4 

ADJUST PIN CURRENT (yA) 


MINIMUM OPERATING CURRENT (mA) 
o = § wo SS wo ~ o oO 


yt 
1.230 0 
5 10 15 20 2 30 35 50-25 0 2 50 75 100 125 150 —50 -25 0 25 50 75 100 125 150 
INPUT/OUTPUT DIFFERENTIAL (V) TEMPERATURE (°C) TEMPERATURE (°C) 
APPLICATION HINTS 


The LT1087 is an adjustable voltage regulator with Kelvin protection as well as thermal shutdown to turn-off the 
sense inputs. These inputs can be used to fully Kelvin regulator should the temperature exceed about 165°C. 
sense a remote load so that the regulation at the load is Sense Inputs 

nearly perfect. The sense inputs can also be used in a 2. ; : : 
wire configuration to compensate for voltage drops in In a three terminal regulator the sense inputs are termi- 


long output leads eliminating the two extra wires needed “ated at the output pin of the device (normally the case for 
for full Kelvin sensing. adjustable regulators). This means that regulation will be 
best at the case of the device. Any wire resistance be- 
tween the regulator and the actual load will degrade the 
This regulator is easy to use and has all the protection fea- regulation, especially at high currents. This five pin con- 
tures that are expected in high performance voltage _ figuration allows the user to select the point where regula- 
regulators. They are short circuit protected, have safearea _ tion will be optimized. 


aL 
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APPLICATION HINTS 


The sense pins can be used in two basic configurations. 
They can be used to make a remote Kelvin sensed output, 
or they can be used as a differential amplifier to simply 
compensate for a long wire run. 


For full Kelvin sensing of the output, the sense pins are 
tied together, then connected through a 1k resistor to the 
top of the R1/R2 divider that sets the output voltage. The 
1k resistor is necessary to prevent high currents from flow- 
ing into the sense pins under fault conditions and will 
cause no significant error in the output voltage. The top 
and bottom of the R1/R2 divider are then tied to the points 
in the circuit where optimum regulation is desired. These 
connections must be made separate from the wires that 
carry the main load current. See the Remote Kelvin Sensed 
Output Circuit in the Typical Applications Section. At light 
load currents the voltage drop down the output lead will be 
small and the sense pins will be at approximately the 
same voltage as the output pin. For heavy load currents 
the output pin will be driven positive with respect to the 
sense pins by the value of the voltage drop across the out- 
put leads and the voltage at the sense points will be regu- 
lated. The output is allowed to go 1V above the sense pins 
in this configuration. For output pin voltages greater than 
1V above the sense pins some degradation in regulation 
will occur. Since the output is allowed to go positive with 
respect to the sense pins by 1V and assuming that both 
the power lead to the load and the ground return are ap- 
proximately equal, this configuration allows the user to 
have almost perfect regulation at the sense point with 2V 
of drop in the wire leads between the regulator and the 
load. Note that the input voltage to the regulator must pro- 
vide enough headroom to the regulator to allow this to 
happen. The input voltage must be greater than the total 
of the regulated output voltage plus the wire drops plus 
the dropout voltage of the regulator (~1.5V for LT1087 at 
5A). 


If the user does not want to run the extra two wires re- 
quired for full Kelvin sensing, a second method can be 
used to compensate for wire drops. The sense inputs can 
be considered to be the inputs to a differential amplifier 


with a gain of 11 when the + Sense pin is positive with re- 
spect to the — Sense pin. Pulling the — Sense pin negative 
with respect to the + Sense pin (with the + Sense pin tied 
to the output) by 10mV will cause the reference voltage, 
nominally 1.25V, to increase by 110mV to 1.36V. The output 
of the regulator would then increase by the factor 


[ ava (1+) 


See the Remote Load Regulation Compensation Circuit in 
the Typical Applications. In this manner sensing across a 
small part of the output leads can compensate for the en- 
tire length. The maximum differential input voltage over 
which the differential gain holds true is 60mV at 25°C, and 
this voltage is proportional to absolute temperature. For 
most circuits the differential input voltage should be less 
than 40mV. Exceeding this small differential voltage will 
not damage the device until the differential exceeds 5V. 
Regulation, however, will be degraded. Assuming a maxi- 
mum differential input voltage of 40mV and an output volt- 
age of 5V, and using the formula from the Remote Load 
Regulation Compensation Circuit, this configuration can 
compensate out 1.76V of wire drop. For higher output volt- 
ages larger wire drops can be compensated out. As in the 
previous circuit the input voltage to the regulator must 
provide enough headroom for this to happen. 


Output Voltage 


The LT1087 develops and tries to maintain a 1.25V refer- 
ence voltage between its sense pins and its adjust pin (see 
Figure 1). By placing a resistor between the device’s sense 
point (the end of R3) and its adjust pin, a constant current 
is caused to flow through R1 and down through R2 to set 
the overall output voltage. Normally Ri is chosen so that 
the current flowing through it is equal to the specified 
minimum load current of 10mA. Because lap, is very small 
and constant when compared with the current through R1, 
it represents a small error and can usually be ignored. 
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APPLICATION HINTS 


Vour=Vrer (1+ #) +lapy © R2 
Figure 1. Standard Connection 
TYPICAL APPLICATIONS 
Remote Kelvin Sensed Output (4-Wire) 


+SENSE 


, Your=Vaer (1+ 82) 
WHERE Vege =1.25V 
Cance > 100pF 
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TYPICAL APPLICATIONS 


Remote Load Regulation Compensation (2-Wire) 


, Yout=VreF (1+ 2) 


REMOTE WHERE Vpep =1.25V 


LOAD 
Clargge > 100pF 


A’4B"=X" [1 (1+ f)| 8° 


EXAMPLE: IF THE LOAD MUST BE LOCATED 
10 FT. (120) FROM THE REGULATOR 
AND Vgyrt IS SV 

THEN (A"+B)=24.0" R1=1202, R2=3600 


Xr AE) ox 5.2" 

[1 (1+ #)| 
BY CONNECTING THE —SENSE PIN 5.2” FURTHER DOWN 
THE OUTPUT WIRE THAN THE +SENSE PIN THE LOAD 


REGULATION CAUSED BY 20’ OF WIRE CAN BE 
COMPENSATED OUT. 


Paralleling Devices for Higher Current 


MASTER 


r 
I 
| 
I 
I 
| 
! 
I 
I 
! 
{ 
I 
| 
I 


FOR PARALLELING MORE THAN TWO DEVICES ~ DUPLICATE SLAVE SECTION 


MINIMUM LOAD CURRENT =(10mA) ( # OF DEVICES IN PARALLEL) 
R1, R2 NETWORK CAN BE USED AS THE MINIMUM LOAD 


Ryu=8m2=10" OF #20 A.W.G. SOLID WIRE (COPPER) 
Rg=7.3m2=9.1" OF #20 A.W.G. SOLID WIRE (COPPER) 


Ry AND Rs SHOULD BE NON-INDUCTIVE. THIS IS EASILY ACCOMPLISHED BY FOLDING THE 


WIRE BACK UPON {TSELF SO THAT THE FIELDS GENERATED, BY CURRENT FLOWING IN THE 
WIRE, CANCEL. 
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PRELIMINARY 

nt j \I2 LTC1100 
TECHNOLOGY Precision, Single Supply, 

| Instrumentation Amplifier 


(Fixed Gain =100) 


June 1989 
FEATURES DESCRIPTION 
® Offset Voltage 2uV The LTC1100 is a high precision instrumentation amplifier 
@ Offset Voltage Drift 20nV/°C using chopper stabilization techniques to achieve out- 
® Bias Current 25pA standing DC performance. The input DC offset is typically 
= Offset Current 10pA 2uV while the DC offset drift is 20nV/°C; a very low bias 
® Gain Non-Linearity 8ppm current of 25pA is also achieved. 


® Gain Error 0.03% 


SRB ASI The LTC1100 is self cong g gf eines a difer 


c ' i ential gain of 100 wi ernal gain setting resis- 
B cae usb eed tor or trim ye nearity is id the gain drift 
m 8-Pin MiniDIP I mime LTC1100 3 Single 5V supply 
e = 8V. The wok ically swings 150mV from 

APPLICATIONS Perr iso 1 eal 
w Biiain Gaune-ATiolifier 40 al external capacitor can be added from pin 7 to 
eats Oe ce 1 seéP pin 8 to tailor the device’s 20kHz bandwidth and to elim- 


® Thermocouple ¢ ee 
a Diterentatgie Ended inate any unwanted noise pickup. 


7 The LTC1100 is manufactured using Linear Technology's 
¢O enhanced LTCMOS™ silicon gate process. 
BLOCK DIAGRAM TYPICAL APPLICATION 


Single 5V Supply, DC Instrumentation Amplifier 


Vout = 100 (+Vin — —Vin) 
#F 


Specifications on this datasheet are preliminary only, and subject to 
{ y LINCAR change without notice. Contact the manufacturer before finalizing a design { 3-3 5 


using this part. 


TECHNOLOGY 


PRELIMINARY 


ni AQ LT1101 


Precision, Micropower, 


Single Supply Instrumentation Amplifier (Fixed Gain =10 or 100) 


FEATURES 
w Gain Error 0.04% Max 
a Gain Non-Linearity 0.0008% (8ppm) Max 
w Gain Drift 4ppm/°C Max 
a Supply Current 105,A Max 
= Offset Voltage 160,V Max 
= Offset Voltage Drift 0.4nV/°C Typ 
= Offset Current 600pA Max 
m CMAR, G= 100 100dB Min 
m 0,1Hz to 10Hz Noise 0.9xVp-p Typ 
2.3pAp-p Typ 
= Gain Bandwidth Product 250kHz Min 


a Single or Dual Supply Operation 


APPLICATIONS ge St 
a Differential Signal Amplifica goa 

Common-Mode Volta 3a.% p 
= Micropower Ewe av PAY 

- Ther vis 

- Strain Gauges 


- Thermistor con® 
. Differential VIE 0 Current Converter 
w Transformer Cole Amplifier 
m 4mA-20mA Bridge Transmitter 


April 1989 
DESCRIPTION 


The LT1101 establishes the following milestones: 

(1) It is the first micropower instrumentation amplifier, 

(2) It is the first single supply instrumentation amplifier, 

(3) It is the first instrumentation amplifier to feature fixed 
gains of 10 and/or 100 in low cost, space-saving 8-lead 
packages. 


The LT1101 is completely self-contained: no external gain 
setting resistor is required. The LT1101 combines its mi- 
cropower operation (75yA supply c i with a gain error 


of 0.008%, gain linearity Gr it of 1ppmi°C. 
The output is gu a 2k load to + 10V with 


yon, 
sion specif 


ON vuistancing 50uV 


oftset V rh ut offset current, and low 
dri KS ad in addition, unlike other in- 
ation amplifiers, there is no output offset voltage 

n 


tribution to total error. 


A full set of specifications are provided with + 15V dual 
supplies and for single 5V supply operation. The LT1101 
can be operated from a single lithium cell or two Ni-Cad 
batteries. Battery voltage can drop as low as 1.8V, yet the 
LT1101 still maintains its gain accuracy. in single supply 
applications, both input and output voltages swing to 
within a few millivolts of ground. The output sinks current 
while swinging to ground — no external, power consum- 
ing pull down resistors are needed. 


BLOCK DIAGRAM 


{REF) 


fim PIN 1, OUTPUT AT PIN 8 
: NO ADDITIONAL CONNECTIONS 
G= ie ‘SHORT PIN 2 TO PIN 1, SHORT PIN 7 TO PIN 8 


Gain Error Distribution 


PERCENT OF UNITS 


0 4 
—0.04 —0.03—0.02-0.01 0 +0.01 +0,02+0.03+0.04 
GAIN ERROR (%) 


iflcations on this datasheet are preliminary only, 
cal without notice. Contact the manufacturer before finalizing a design 
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LT1101 
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Supply Voltage .........cccceceeceeeeeeeneeeeeees +22V TOP VIEW ORDER PART 
Differential Input Voltage .........ccecccceeeeveees +36V mn NUMBER 
Input Voltage .......... Equal to Positive Supply Voltage 
eaviaierih 10V Below Negative Supply Voltage LT1101AMH 

Output Short Circuit Duration...............04 Indefinite LT1101MH 
Operating Temperature Range “ LT1101ACH 

LTA101AMILT1101M.... 0. eee eee -55°C to 125°C LT1101CH 

LTATOTAI/LTIT01l eee eee ees — 40°C to 85°C 

LTAVO1ACILTI101C oo... eee ee nena 0°C to 70°C 
Storage Temperature Range 

AllGrades ..........cccceeeseseeeee es ~ 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.).............. 300°C 


LT4401AIN8 
LT1101IN8 
LT1101ACN8 
LT1101CN8 
LT1101AMJ8 
LT1101MJ8 
LT1101ACJ8 
1T1101CJ8 


N PACKAGE _J PACKAGE 
8-LEAD PLASTIC DIP 8-LEAD CERAMIC DIP 


ELECTRICAL CHARACTERISTICS 


Vg = 5V, OV, Vom =0.1V, VReF(PIN 1)=0.1V, G = 10 or 100, Ta = 25°C, unless otherwise noted (Note 3). 


LT1101AM/ALIAC LT1101Mi/C 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Ge Gain Error G= 100, Vo=0.1V to 3.5V, R, = 50k 0.010 0.050 0.011 0.075 % 

G=10,Vo=0.1V to 3.5V, R, = 50k 0.009 0.040 0.010 0.060 % 

Gut Gain Non-Linearity G= 100, R, =50k 20 60 20 75 ppm 

G=10, R, = 50k (Note 1) 3 7 3 8 ppm 

Vos input Offset Voltage a ee 

log Input Offset Current 0.13 0.60 0.15 0,90 nA 

'p Input Bias Current 6 8 6 10 nA 

Ig Supply Current 75 105 78 120 pA 
CMRR Common-Mode 1k Source Imbalance 

Rejection Ratio G= 100, Voy =0.07V to 3.4V 9 =: 106 92 = 105 dB 

G= 10, Voy =0.07V to 3.1V 84 100 82-99 dB 

Minimum Supply Voltage (Note 4) 18 2.3 1.8 2.3 Vv 

Vo Maximum Output Output High, 50k to GND 41 43 41 43 v 

Voltage Swing Output High, 2k to GND 35 = 3.9 35 63.9 Vv 

Output Low, Vper =0, No Load 3.3 6 3.3 6 mV 

Output Low, Vper =0, 2k to GND 05 1 0.5 t mV 

Output Low, Vaer =0, Igink = 100A 90 130 90 130 mV 

BW Bandwidth G= 100 (Note 1} 20 30 20 30 kHz 

G= 10(Note 1) 22 33 22 33 kHz 

SR Slew Rate | (Notei) ——~—<—~*sésdCiHS 0.04 0.07 Vins 
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ELECTRICAL CHARACTERISTICS 


Vg = + 15V, Vow = OV, Ta = 25°C, Gain = 10 or 100, unless otherwise noted. 


LT1101AM/AIIAC LT1101Mi1/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
GE Gain Error G= 100, Vo= + 10V, R, = 50k 0.008 0.040 0.009 0.060 % 
G= 100, Vo= + 10V, R, = 2k 0.011 0.055 0.012 0.070 % 
G= 10, Vo= + 10V, Ry = 50k or 2k 0.008 0.040 0.009 0.060 % 
Gut Gain Non-Linearity G= 100, R, = 50k 7 16 8 20 ppm 
G= 100, R= 2k 24 45 25 60 ppm 
G = 10, R, = 50k or 2k 3 8 3 9 ppm 
Vos Input Offset Voltage 50 160 60 220 yV 
log Input Offset Current ‘3 0.13 0.60 0.15 0.90 nA 
Ip Input Bias Current 6 8 6 10 nA 
Input Resistance 
Common-Mode (Note 1) 4 7 3 7 Ga 
Differential Mode (Note 1) 7 12 5 12 Ga 
en | Input Noise Voltage 0.1Hz to 10Hz (Note 2) 09 18 0.9 uVp-p 
Input Noise Voltage f= 10Hz (Note 2) 45 64 45 nViVHz 
Density f= 1000Hz (Note 2) 43. 54 43 nViVHz 
in {_Input Noise Current It 0.1Hz to 10Hz (Note 2) 2.3 4.0 2.3 pAp-p 
Input Noise Current fy = 10Hz (Note 2) 0.06 0.10 0.06 pAINHz 
Density fy = 1000Hz 0.02 0.02 pAINHz 
Input Voltage Range G=100 +130 +138 +13.0 +138 v 
-144 -147 -144 -147 V 
G=10 V 
V 
Common-Mode 1k Source Imbalance 
Rejection Ratio G= 100, Over CM Range 100 112 98 112 dB 
G= 10, Over CM Range 84 100 82 99 dB 


PSRR Power Supply Vg = +2.2V, -—0.1V to + 18V 102 114 100 114 dB 
Rejection Ratio 

Ig Supply Current { 92 130 94 150 nA 

Vo Maximum Output R, = 50k £130 +142 +130 +142 V 

Voltage Swing R, = 2k +110 +132 #110 +132 V 

BW Bandwidth G= 100 (Note 1) 23 3.5 23 35 kHz 

as G= 10 (Note 1} 25 37 25 v kHz 

SR Slew Rate 0.06 0.10 0.06 0.10 Vins 


Note 1: This parameter is not tested. It is guaranteed by design and by 
inference from other tests. 
Note 2: This parameter is tested on a sample basis only. 

Note 3: These test conditions are equivalent to Vs = 4.9V, - 0.1V, Voy =0V, 
Vrer(pIn 1) = OV. 
Note 4: Minimum supply voltage is guaranteed by the power supply 
rejection test. The LT1101 actually works at 1.8V supply with minimal 
degradation in performance. 
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ELECTRICAL CHARACTERISTICS 


Vs = + 15V, Vom =OV, Gain = 10 or 100, - 55°C <T4.<125°C for AMIM grades, - 40°C <T, <85°C for Alll grades, unless otherwise noted. 


LT1101AM/AI LT1101Mi/l 
SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 


Ge Gain Error G= 100, Vo= + 10V, R, = 50k 0.024 0.070 0.026 0.100 % 
G= 100, Vo= + 10V, R, = 5k 0.030 0.100 0.035 0.130 % 
G= 10, Vo= + 10V, R, = 50k or 5k 0.015 0.070 0.018 0.100 % 
TCG; Gain Error Drift G= 100, R, = 50k 2 4 2 5 ppmiec 
(Note 1) G= 100, R, =5k 2 7 
G= 10, Ry =50k or 5k 1 4 
Gut Gain Non-Linearity G= 100, R, = 50k 24 70 
G= 100, R, =5k 70 300 
G= 10, R, =50k 4 13 
G=10, R, =5k 10 40 


Vos Input Offset Voltage 90 350 
AVos/4T Input Offset Voltage Drift 0.4 2.0 
Algg/AT Input Offset Current Drift (Note 1) 05 40 
Is ee 
Alg/AT 0 
CMRR G= 100, Voy = - 14.4V to 13V 6 111 

Rejection Ratio G=10, Voy = - 13V to 11.5V 80 99 78 

Rejection Ratio 


98 
Is | SupplyCurent, | (tts CHSCHCSCSdT=Ci(sstC(‘saO:*SCCOS|S GA 

Voltage Swing R, =5k +110 +135 +110 +135 Vv 
ELECTRICAL CHARACTERISTICS 


Vs = + 15V, Vom =0V, Gain = 10 or 100, 0°C <Ta <70°C, unless otherwise noted. 


LTI101AC LT1101C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 


G= 100, Vo= + 10V, R, = 50k 0.012 0.055 % 
G= 100, Vo= + 10V, R, =2k 0.018 0.085 % 
G= 10, Vo= + 10V, Ri = 50k or 2k % 


TCG; Gain Error Drift G= 100, R, = 50k ppmi°C 

(Note 1) G= 100, R, = 2k ppmi°C 

G= 10, R, = 50k or 2k ppm/°C 

Gut Gain Non-Linearity G= 100, R, = 50k 25 10 35 ppm 

G= 100, R, = 2k 75 36-100 ppm 

G= 10, R, = 50k or 2k 4 10 4 1 ppm 

Vos Input Offset Voltage 70-250 8 350 uV 

AVog/AT Input Offset Voltage Drift (Note 1) 04 20 05 28 pie 
los Input Offset Current li ~~ re 0.14 0.70 0.17 1.10 
AloglAT input Offset Current Drift | (Note 1) a ee ee 08 7.0 


ip input Bias Current fe ae ee a Oe a 
AlgaT | InputBiasCurrentDritt_ | (Note) = | OC 


CMRR Common-Mode G= 100, Voy= — 14.4V to 138V 96 112 
Rejection Ratio G= 10, Voy = - 13V to 11.5V 80 99 
PSRR Power Supply Vg =2.5, ~0.1V to + 18V 97 112 
Rejection Ratio 
ls Supply Current ee eel 100170 A 
Vo Maximum Output R. =50k #125 +141 £125 +141 V 
Voltage Swing R, =2k +105 +130 +105 +130 7] 
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ELECTRICAL CHARACTERISTICS 


Vg =5V, OV, Vom =0.1V, VReF(PiN 1) =0.1V, Gain = 10 or 100, - 55°C <T,<125°C for AMIM grades, - 40°C <T, <85°C for Alll grades, 


unless otherwise noted. 


SYMBOL PARAMETER 


Gain Error 


Gain Error Drift 
Gain Non-Linearity 


R, = 50k (Note 1) 


G= 100, R, =50k 
G= 10, R, =50k (Note 1) 


Input Offset Voltage 

AVog/AT Input Offset Voltage (Note 1) 0.4 2.0 05 
Drift 

log Input Offset Current 

Alog/AT Input Offset Current (Note 1) 
Drift 


Input Bias Current 
Input Bias Current 


Common-Mode 
Rejection Ratio 


LT1101AM/AI LT1101Mil 
CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
G= 100, Vo =0.1V to 3.5V, Ri = 50k 0.026 0.080 0.028 0,120 % 
G= 10, Voy = 0.15, Ry = 50k 0.011 0.070 0.014 0.100 % 


(Note 1) 


G= 100, Voy=O.1Vt03.2V 
G = 10, Voy =0.1V to 2.9V, Vaer=0.15V 


Supply Current 


Vo Maximum Output 
Voltage Swing 


Output High, 50k to GND 
Output High, 2k to GND 
Output Low, Vac =0, No Load 


Output Low, Vcr = 0, 2k to GND 
Output Low, Vrer = 0, loink = 100pA 


ELECTRICAL CHARACTERISTICS 


Vg = 5V, OV, Vow =0.1V, VREF(PIN 1) = 0.1V, Gain = 10 or 100, 0°C <T,<70°C, unless otherwise noted. 


LT1101AC LT1101C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Gain Error G= 100, Vo=0.1V to 3.5V, R, = 50k 0.017 0.065 0.018 0,095 % 
G= 10, Voy =0.15V, R= 50k 0.010 0.060 0.012 0,080 %y 
TCG: Gain Error Drift R, = 50k (Note 1) 1 4 
Gui Gain Non-Linearity G= 100, Ri =50k 25 80 
G= 10, R, = 50k (Note 1) 4 10 
Vos Input Offset Voltage 70 250 
AVogfAT Input Offset Voltage (Note 1} 0.4 2.0 
Drift 
log Input Offset Current 0.14 0.70 0.17 1.10 nA 
AlgglAT Input Offset Current (Note 1) 0.5 4.0 08 7.0 pAlec 
Drift 
lp Input Bias Current 6 9 6 1 nA 
AlglaT Input Bias Current (Note 1) 1025 10-30 pAieC 
Drift 
CMRR Common-Mode G = 100, Voy =0.07V to 3.3V 93 105 90 104 dB 
Rejection Ratio G= 10, Voy =0.07V to 3.0V, Veer = 0.15V 8298 80 98 dB 
Ig Supply Current 80 120 85 145 pA 
Vo Maximum Output Output High, 50k to GND 40 42 40 42 V 
Voltage Swing Output High, 2k to GND 33 (3.8 33 (3.8 Vv 
Output Low, Vagr=0, No Load 4 7 4 7 mV 
Output Low, Vage = 0, 2k to GND 0.6 12 0.6 1.2 mV 
Output Low, Ver =0, Ign = 100pA 100 160 100 150 mV 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Gain = 100 Non-Linearity Gain = 10 Non-Linearity ; 
Distribution Distribution Gain vs Frequency 


sath 
TIPS nie ll 
CETTE 
ST UT HNN 

| 


-0.5 


| 
= 
o 


(ap) NIvS 


PERCENT OF UNITS 
PERCENT OF UNITS 
GAIN ERROR (%) 
| 
am 


Aa A 
ON a eS aS 
Bn A ‘ih, ‘alll 
BH A ALAN 


eA 


° 
ao 


—1.0 10 
—1.5 
14 16 18 10 100 1k 10k 100k 1M 
GAIN NON-LINEARITY (PPM) GAIN NON-LINEARITY (PPM) FREQUENCY (Hz) 
Gain Non-Linearity Over 
Gain Error Over Temperature Temperature Input Offset Voltage Distribution 


6=100, Vg= + 15V, Ry =2k | 
6-10, Vg= # 15V, Ry =2k 

=100, Vg=  15V, Ry =5k 
G=100, Vg=5V, OV,R,=50k | f | 
G=100, Vg= 2 15V, Ry =50k fy 
G=10, Vg= + 15V, Ry =5k | Fall 
G=10, Vg= + 15V OR SV, ov, OF Pf 


Ta=25°C ; 

746 UNITS MEASURED IN ALL PACKAGES 
30 TEACH UNIT MEASURED AT Vs =5V, 

OV AND AT Vg= + 15V 


GAIN 
FO! 


GAIN ERROR {%)} 


PERCENT OF UNITS 


GAIN NON-LINEARITY (PPM) 


0 ; P Po 
~§0 —25 0 25 «50 75 100 125 -50 -25 0 25 50 75 100 125 -200 - 100 o 100 200 
TEMPERATURE (°C) TEMPERATURE (°C) INPUT OFFSET VOLTAGE (nV) 
Input Bias and Offset Currents vs Input Bias Current vs Common- 
Supply Current vs Temperature Temperature Mode Voltage 


OFFSET CURRENT (pA) 


SUPPLY CURRENT (pA) 


BIAS CURRENT (nA) 


-7 
50-2 G0 2% S80 75 100 125 ~§ -2 0 2 5 7 100 12 0 
TEMPERATURE (°C) TEMPERATURE (°C) COMMON-MODE VOLTAGE (V) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Common-Mode Rejection Ratio vs 
Frequency 


G=100 
C=82pF PIN 1 TO PIN 2 


COMMON-MODE REJECTION. RATIO (dB) 


10 100 1k 
FREQUENCY (Hz) 


10k 100k 


Output Saturation vs Temperature 


vs Sink Current 
1000 


SATURATION VOLTAGE (mV) 


rr) 


-50 -25 0 25 
TEMPERATURE (°C) 


Capacitive Load Handling 


OVERSHOOT (%) 


CAPACITIVE LOAD (nF) 


Common-Mode Range vs Supply 
Voltage 


0 +2 +4 46 48 410 4124214416418 
SUPPLY VOLTAGE (V) 


Output Voltage Swing vs Load 
Current 
PT lt 
= 
2 y+ -2 { 
8 
5 
g 
| aed - 
2 Vv ait 
= 
a 
i Mi 
as Z 
0.01 
SOURCING a cates LOAD piniest (mA) 
Undistorted Output Swing vs 
Frequency 
= mai Tan 25°C 
B Bill Wl LOAD, R,, TO GROUND 
ir ; 
: cH AN Vg=5V, OV, RL= 100k 
2 
Ss 
= 
= Rte = iG 
n 
[od 
= 
= 
2 
= 
2 
2 
p 4 
Fi 
= ft 
100 1k 10k 100k 
FREQUENCY (Hz) 


SHORT CIRCUIT CURRENT (mA) 


SINKING 


5V, OV (V) 


PEAK-TO-PEAK OUTPUT SWING, Vg 


Power Supply Rejection Ratio vs 
Frequency 


POWER SUPPLY REJECTION RATIO (dB) 


tk 
FREQUENCY (Hz) 


10k 


Short Circuit Current vs Time 
| 
Kp Ta +25°C, Vg 2 15V 


ee ee ee 


| \ Taz + 125°C, Vg=6V, OV 
Taw 4 125°C, Vg= # 15V 


SOURCING 


T 


a= +25°C, Vg= + 15V 4 


0 1 2 3 
TIME FROM OUTPUT SHORT TO GROUND (MINUTES) 


Output Impedance vs Frequency 


OUTPUT IMPEDANCE (2) 


FREQUENCY (Hz) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Noise Spectrum 


VOLTAGE NOISE DENSITY (nV/VHz} 
CURRENT NOISE DENSITY (fA/-VHz) 


1 
FREQUENCY (Hz) 


Large Signal Transient Response 
G=10,Vs= + 15V 


5V/DIV 


200us/DIV 
NO LOAD 


Small Signal Transient Response 
G=10, Vs=5V, 0V 


20mv/DIV 


20ps/DIV 
OUTPUT FROM 0.05V TO 0.15V, NO LOAD 


CHANGE IN OFFSET VOLTAGE (nV) 


Warm-Up Drift 


WARM UP DRIFT 
AT Vg =5V, OV IS 
belaleteeikceys LOW 


2 
TIME AFTER POWER ON (MINUTES) 


Large Signal Transient Response 
G=100, Vg= + 15V 


5V/DIV 


200us/DIV 
NO LOAD 


Smalt Signal Transient Response 
G=10,Vg= + 15V 


20mV/01V 


20ps/DIV 


Large Signal Transient Response 
G= 10, Vs =5V, OV 


W/DIV 


50ys/DIV 
OUTPUT FROM OV TO 4.5V, NO LOAD 


Large Signal Transient Response 
G= 100, Vs=5V, 0V 


1/DIV 


100ps/DIV 
OUTPUT FROM OV TO 4.5V, NO LOAD 


Small Signal Transient Response 
G= 100, Vs =5V, OV 


20mv/DIV 


200ps/DIV 
OUTPUT FROM 0.05V TO 0.15V, NO LOAD 
(RESPONSE WITH Vg= + 15V, G=100 1S IDENTICAL) 


LY Wap 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Single Supply: Minimum Single Supply: Minimum Output 
Common-Mode Voltage vs Output Voltage vs Common-Mode Minimum Supply Voltage vs 
Voltage Voltage Temperature 


= 
iy 
S 


8 


es 


8 


8 


, MINIMUM 
OUTPUT SWING SUPPLY VOLTAGE 
; AT MINIMUM SUPPLY 


|| 
ca 
|_| 
y, 


COMMON-MODE VOLTAGE (V) 


= 
SS 


=San 
a 


MINIMUM COMMON-MODE VOLTAGE (mV) 


[XS 


0 10 20 30 
MINIMUM OUTPUT VOLTAGE (mV) 


OUTPUT VOLTAGE (V) 


COMMON-MODE RANGE = 
0.5 FAT MINIMUM SUPPLY = 
0 25 


0 
-50 ~25 50 75 100 125 
TEMPERATURE (°C) 


50 60 70 80 90 100 


MINIMUM SUPPLY, OUTPUT SWING, COMMON-MODE RANGE (V) 


APPLICATIONS INFORMATION 
Single Supply Applications 


The LT1101 is the first instrumentation amplifier which is 
fully specified for single supply operation, i.e. when the 
negative supply is OV. Both the input common-mode range 
and the output swing are within a few millivolts of ground. 


Probably the most common application for instrumenta- 
tion amplifiers is amplifying a differential signal from a 
transducer or sensor resistance bridge. All competitive in- 
strumentation amplifiers have a minimum required com- 
mon-mode voltage which is 3V to 5V above the negative 
supply. This means that the voltage across the bridge has 
to be 6V to 10V or dual supplies have to be used, i.e. mi- 
cropower, single battery usage is not attainable on com- 
petitive devices. 


The minimum output voltage obtainable on the LT1101 is a 
function of the input: common-mode voltage. When the 
common-mode voltage is high and the output is low, cur- 
rent will flow from the output of amplifier A into the output 
of amplifier B. See the Minimum Output Voltage vs Com- 
mon-Mode Voltage plot. 


Similarly, the Minimum Common-Mode Voltage vs Output 
Voltage plot specifies the expected common-mode range. 


When the output is high and input common-mode is low, 
the output of amplifier A has to sink current coming from 
the output of amplifier B. Since amplifier A is effectively in 
unity gain, its input is limited by its output. 


Common-Mode Rejection vs Frequency 


The common-mode rejection ratio (CMRR) of the LT1101 
starts to roll off at a relatively low frequency. However, as 
shown on the CMRR vs Frequency plot, CMRR can be en- 
hanced significantly by connecting an 82pF capacitor be- 
tween pins 1 and 2. This improvement is only available in 
the gain 100 configuration, and it is in excess of 30dB at 
60Hz. 


Offset Nulling 


The 111101 is not equipped with dedicated offset null 
terminals. In many bridge transducer or sensor applica- 
tions, calibrating the bridge simultaneously eliminates the 
instrumentation amplifier’s offset as a source of error. For 
example, in the Micropower Remote Temperature Sensor 
Application shown, one adjustment removes the offset er- 
rors due to the temperature sensor, voltage reference and 
the LT1101. 
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APPLICATIONS INFORMATION 


A simple resistive offset adjust procedure is shown below. 
If R=50 for G= 10, and R= 500 for G = 100 then the effect 
of R on gain error is approximately 0.006%. Unfortunately, 
about 450yA has to flow through R to bias the reference 
terminal (pin 1) and to null out the worst-case offset volt- 
age. The total current through the resistor network can ex- 
ceed 1mA, and the micropower advantage of the LT1101 is 
Jost. 


+15V 


-15V 


Another offset adjust scheme uses the LT1077 micro- 
power op amp to drive the reference pin 1. Gain error and 
common-mode rejection are unaffected, the total current 
increase is 45yA. The offset of the LT1077 is trimmed and 
amplified to match and cancel the offset voltage of the 
LT1101. Output offset null range is + 25mV. 


1.2V TO 18V 


—1.2VT0 —18V 


Gains Between 10 and 100 


Gains between 10 and 100 can be achieved by connecting 
two equal resistors (= Ry) between pins 1 and 2 and pins 7 
and8. 


ae ee 
Gain=10+ R+R0 


The nominal value of R is 9.2k0. The usefulness of this 
method is limited by the fact that R is not controlled to 
better than + 10% absolute accuracy in production. How- 
ever, on any specific unit 90R can be measured between 
pins 1 and 2. 


Input Protection 


instrumentation amplifiers are often used in harsh envi- 
ronments where overload conditions can occur. The 
LT1101 employs PNP input transistors, conseque rtly the 
differential input voltage can be +30V (with + 15V sup- 
plies, + 36V with + 18V supplies) without an increase in in- 
put bias current. Competitive instrumentation amplifiers 
have NPN inputs which are protected by back to back 
diodes. When the differential input voltage exceeds 
+1.3V on these competitive devices, input current in- 
creases to the milliampere level; more than + 10V differen- 
tial voltage can cause permanent damage. 


When the LT1101’s inputs are pulled above the positive 
supply, the inputs will clamp a diode voltage above the 
positive supply. No damage will occur if the input current 
is limited to 20mA. 


5000 resistors in series with the inputs protect the LT1101 
when the inputs are pulled as much as 10V below the 
negative supply, 


LY Wine 
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Micropower, Battery Operated, Remote Temperature Sensor 


3v 


REMOTE TEMP 
SENSOR 


10mv/°C 
I 
I 
I 
i 
t 
TRIM OUTPUT TO 250m¥ AT 25°C 
TEMPERATURE RANGE =2.5°C TO 150°C 
ACCURACY = +-0.5°C 


Differential Voltage Amplification from a Resistance Bridge 


Vt 


TRANSDUCER 


OR SENSOR RESISTANCE 


BRIDGE 


MINIMUM VOLTAGE ACROSS BRIDGE =20mV = 
MINIMUM SUPPLY VOLTAGE = 1.8V 
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APPLICATIONS INFORMATION 


Instrumentation Amplifier with + 150mA Output Current 


Vt=+15V 


OUT 


GAIN = 10, DEGRADED BY 0.01% DUE TO LT1010 
OUTPUT = + 10V INTO 758 (TO 1.5kHz) 

DRIVES ANY CAPACITIVE LOAD 

SINGLE SUPPLY APPLICATION (V + =5V, V— =0V): 
Vout Min = 120mV, Vout max =3.4V 


Differential Input — Differential Output Instrumentation Amplifier 


GAIN =200, AS SHOWN 

GAIN =20, SHORT PIN 1 TO PIN 2, PIN 7 TO PINS 
ON BOTH DEVICES 

GAIN=110, SHORT PIN 1 TO PIN 2, PIN 7 TO PIN B. 
ON ONE DEVICE, NOT ON THE.OTHER 
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ni AR LT1102 


TECHNOLOGY’ High Speed, Precision, JFET Input 
Instrumentation Amplifier (Fixed Gain =10 or 100) 


May 1989 
FEATURES DESCRIPTION 
= Settling Time (0.01%) 3us The LT1102 is the first fast FET input instrumentation am- 
m Slew Rate 25Vius —_plifier offered in the low cost, space saving 8-pin 
= Gain-Bandwidth Product 30MHz —_ packages. Fixed gains of 10 and 100 are provided with ex- 
mw Gain Error 0.05% Max cellent gain accuracy (0.015%) and non-linearity (2ppm). 
w Gain Drift 5ppmi°C —Noexternal gain setting resistor is required. 
a Gain Non-Linearity 10ppm Max 


= Offset Voltage (Input + Output) 500,V Max The fastest slew rate of any instrumentation amplifier is 
Drift with Temperature 2.5 uVI°C combined with impressive precision specifications: less 

w Input Bias Current 5OpA Max than 10pA input bias and offset CUTLApS, 200,V offset volt- 

a Input Offset Current 40pAMax 298. Unlike other FET inp ion amplifiers, on 
Drift with Temperature (to 70°C) 1pAl°C the LT1102 there set voltage contribution 

= Common-Mode Rejection Ratio to total parpu bias note not double with 
G= 100 400d 0 in temp "cy pred, at 70°C ambient 
G=10 rature the) o rent is only SOpA. 


5% 
erate 7 ws pata’ 
= Fast ee | casi GE 


= Multiplex 


ata Aca 
w High Source wey ea ification from High 
Resistance Bri itance Sensors, Photodetec- 
tor Sensors 
= Bridge Amplifier with <1Hz Lowpass Filtering 


BLOCK DIAGRAM 


SHORT TO 8, G=10 


SHORT TO 1,G=10 2 
N.C. N.C. G=100 


NON-INVERTING 
INPUT 


Vt 


GROUND PIN 1, OUTPUT AT PIN 8 
G= 100: NO ADDITIONAL CONNECTIONS 
G=10: SHORT PIN 2 TO PIN 1, SHORT PIN 7 TO PIN 8 


Specifications on this datasheet are preliminary only, and subject to 
4 8 change without notice. Contact the manufacturer before finalizing a design LINCAR 
1 3- using this part. L J 


PRELIMINARY 
nt } YD, LTC1150 


TECHNOLOGY +15V Chopper Stabilized 
Operational Amplifier with 
Internal Capacitors 


June 1989 
FEATURES DESCRIPTION 
® High Voltage Operation, + 18V The LTC1150 is a high-voltage, high-performance chopper 
= No External Components Required Stabilized operational amplifier. The two sample-and-hold 
= Maximum Offset Voltage 5:V capacitors usually required externally by other chopper 
® Maximum Offset Voltage Drift 0.05,V/°C amplifiers are integrated on-chip. Further, the LTC’s propri- 
™ Low Noise, 1.8uVp-p (0.1Hz to 10Hz) etary high-voltage CMOS structures allow the LTC1150 to 
# Minimum Voltage Gain 140dB operate at up to 36V total supply voltage. 
ea The LTC1150 has an offset voltage of a drift of 01,VIPC, 
= Minimum CMRR 120dB ‘ : F 
0.1Hz to 10Hz input noise p-p and a typical 
= Low Supply Current 0.8mA it nol te of 3Vius and a cai 
m Single Supply Operation 4.75V to 36V paket see eager en 
= Input Common Mode Range Includes Ground ee lead ey ‘a ti oe a 
™ 200A Supply Current with Pin 1 Grounded OF: artes” Ne hell earablPeed 
e Satur CG ns are 3ms and 20ms, 


= Typical Overload Recovery Time 20ms ppre respectiel a0 


can be used to program the supply current. Pin 5 is an op- 


APPLICATIO a t re) t 0 Dp pth. demanding low power consumption, pin 1 


tional AC-coupled clock input, useful for synchronization. 


® Strain CE ied iers 

® Electronic Scales pe The LTC1150 is available in standard 8-pin metal can, plas- 

= Medical Instru VN tic and ceramic dual in line packages as well as an 8-pin 

# Thermocouple Amplifiers S08 package. The LTC1150 can be a plug-in replacement 

® High Resolution Data Acquisition for most standard bipolar op amps with significant im- 
provement in DC performance. 


TYPICAL APPLICATION 


Single Supply instrumentation Amplifier 


Vout 


OUTPUT OFFSET < 5mV 

TOTAL SUPPLY CURRENT DECREASES 
= TO 400uA WHEN BOTH PIN 1's 

ARE GROUNDED 


Specifications on this datasheet are preliminary only, and subject to 
{ y LINEAR change without notice. Contact the manufacturer before finalizing a design 
TECHNOLOGY using this part. 1 3-49 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Total Supply Voltage (V+ toV~) ........ceceeesene ees 36V. Operating Temperature Range 

Input Voltage ..........cceeeeens (V+ +0.3V) to (V~ -0.3V) LTC1150M ....ccccsecereeeseeeeneeaene - 55°C to 125°C 
Output Short Circuit Duration ................5. Indefinite LIC11ID0C iciviies eA Gectstosn done — 40°C to 85°C 
Burn-In Voltage ......csesseceeeeeeeeeeeeaeaeaeaenes 30V Storage Temperature Range ............. - 65°C to 150°C 


Lead Temperature (Soldering, 10sec.) ..........5465 300°C 


PACKAGE/ORDER INFORMATION 


ToP VIEW ORDER PART Usa ORDER PART 
CLOCK OUT NUMBER NUMBER 


13] CLOCK IN 


LTC1150MH EUR OUT LTC1150MJ 
LTC1150CH LTC1150CJ 
LTC1150CN 


PACKAGE 
8-LEAD TO-5 METAL CAN J PACKAGE N PACKAGE 


14-LEAD CERAMIC DIP —_14-LEAD PLASTIC DIP 


TOP VIEW TOP VIEW 
'suppyy [i] 3] CLOCK OUT LTC1150MJ8 LTC1150CS8 
rs] our LTC1150CN8 
Fe EXT CLOCK 
in 


J PACKAGE N PACKAGE SO PACKAGE 
8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 


ELECTRICAL CHARACTERISTICS 


Vg = + 15V, Pin 1 = Open, Ta = Operating Temperature Range, Uniess Otherwise Specified. 


LTC1150M 
CONDITIONS MIN TYP MAX 


LTC1150C 
MIN TYP MAX 
Ta= 25°C (Note 3) al [0st 
PiNote) | T8005 | 0010.05 | 


PARAMETER 

Input Offset Voltage 
Average Input Offset Drift 
Long Term Offset Voitage Drift 
Input Offset Current 


Input Bias Current 


Input Noise Voitage 


Rg=1000,0.1Hzto10Hz,TC2 |_| 18 [Cd 


R= 1000, 0.1Hz to 1Hz, TC2 re 06 06 
Input Noise Current f = 10Hz (Note 4) 25 25 
Common Mode Rejection Ratio Vow = V- to 12V few tt 
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ELECTRICAL CHARACTERISTICS 
Vg = + 15V, Pin 1= Open, Ta = Operating Temperature Range, Unless Otherwise Specified. 


jeowomons | 


Vg #2375V to 2 16V eis J 


PARAMETER 

Power Supply Rejection Ratio 
Large Signal Voltage Gain 
Maximum Output Voltage Swing 


Slew Rate 
Gain Bandwidth Product 
Supply Current 


No Load, Pin 1 =V- = 25° 


Internal Sampling Frequency 


ELECTRICAL CHARACTERISTICS 


Vg = 5V, Pin 1 = Open, Ta = Operating Temperature Range, Unless Otherwise Specified. 


ee clr 
PARAMETER ani! Typ =e “ 


Input Offset Voltage | Tr=25°C (Notes) || OKC 
Average Input Offset Drift oT aes hee eT a eee Ce oie 
Long Term Offset Voltage Drift rag fe] aa [aS nviNmo 
Input Offset Current Ty= 25°C ie +10 £30 +10 +60 pA 
+100 +100 pA 
Input Bias Current Ta= 25°C +5 +15 +5 +30 pA 
+ 400 + 100 pA 
Input Noise Voltage | Re=1000,0AHztotoH,Tc2z | | 20] 
| Re=1000,0.1HztoiHzTc2 | | or? | Sdn Mp 
Input Noise Current | fetoHz(Noteg Tt SCdYCSAW 
Common ModeRejectionRatio | Voy=OVto27v sf] tO FFSCOdYCtOC“‘CN’N’C#”'SCO*C*C*‘é 


Power Supply Rejection Ratio Vee 22576V10 2 1V Hy ei tse dB 


Large Signal Voltage Gain RL=10K0,Voyr=0.VI045V |e] 190 100 =| 1080s] 


Maximum Output Voltage Swing [Roo = =—S—i(i‘CésrSC*dr 0.15 ~ 4.85 0.15 — 4,85 v 
R, = 100k0 0.02 - 4.97 0.02 - 4.97 V 


Slew Rate R, = 10k0, C, = 50pF Vins 
Gain Bandwidth Product MHz 


Supply Current No Load Ty= 25°C 0.4 0.65 0.4 0.65 mA 


Internal Sampling Frequency 


The @ denotes the specifications which apply over the full operating Note 3: These parameters are guaranteed by design. Thermocouple effects 
temperature range. preclude measurement of these voltage levels in high-speed automatic test 
Note 1: Absolute Maximum Ratings are those values beyond which life of systems. Vog is measured to a limit determined by test equipment 

the device may be impaired. capability. 

Note 2: Connecting any terminal to voltages greater than V+ or less than Note 4: Current Noise is calculated from the formula: 

V~- may cause destructive latch-up. It is recommended that no sources op- in=V@qe 1b) 


erating from external supplies be applied prior to power-up of the LTC1150, 
" : where q = 1.6 x 10-18 Coulomb. 
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TEST CIRCUITS 


Offset Voltage Test Circuit DC-10Hz Noise Test Circuit 


475k 


316k 


FOR 1Hz NOISE BW INCREASE ALL THE CAPACITORS BY A FACTOR OF 10. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Sampling Frequency vs Supply 
Supply Current vs Supply Voltage Voltage Supply Current vs Temperature 
1000 4400 : 
hs 1200 
_— 800 J s 
3 B 3 4000 
700 2 
& 2 = 
a 2 3 <| 
5 o pal 
a 500 = = Posy 
z = 3B 600 = 
400 a 
400 
300 
200 200 
4 8 12 16 20 24 28 32 36 4 8 12 16 20 2% 28 32 36 -§5 25 i] 35 65 95 425 
TOTAL SUPPLY VOLTAGE, V+ TO V— (V) TOTAL SUPPLY VOLTAGE, V+ TO V~- (V) AMBIENT TEMPERATURE (°C) 
Sampling Frequency vs Output Short Circuit Current vs 
Temperature Supply Voltage Supply Current vs Rset 
1200 
& v 15V 
s= + 
pe 3 1000 Ta=25°C 
z = = 
3 é $ 800 
= c a 
Ww i = 
3 3 2 
& 2 5 600 
uw = oO 
oO = > 
z = mm] = 400 
a > > 
z 3 |s™ 2 
Co 
Et 11 zo 
i=] 
r- 
2s ee 
0 
-55 —-25 5 35 65 95 125 4 8. 12 16 20 24 28 32 36 4k 10k 100k 1M 
AMBIENT TEMPERATURE (°C) TOTAL SUPPLY VOLTAGE, V+ TO V— (V) Rger (2), PIN 4 TO V~ 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Large Signal Transient Response, 
Large Signal Transient Response Pini=V- Small Signal Transient Response 


Vg= + 15V, Ay=1, CL=100pF, Ry = 10k2 Vg = + 15V, Ay=1, C= 100pF, PIN 1=V— Vg= + 15V, Ay=1, CL=100pF, R, =10k0 


Small Signal Transient Response, 
Pin t=V- 


Vs= + 15V, Ay=1, CL=100pF, 
Ry =10k0, PIN 1=V- 


NN 


PIN DESCRIPTION 


1) &-PIN PACKAGES Pin 5 - Optional External Clock Input. The LTC1150 has an 

internal oscillator to control the circuit operation of the 
Pin 1 - Supply Current Programming Pin. The circuit sup- amplifier. When an external clock is desirable it can be 
ply current can be programmed through pin 1.When pin1 —_ applied to pin 5. The applied clock is AC-coupied to the in- 
is left open in normal operation the supply current is ternal circuitry to simplified interface requirements. The 
800A. Supply current can be reduced by connecting a re- amplitude of clock input signal needs to be greater than 
sistor between pin 1 and pin 4, the negative supply pin.  2V and the voltage level has to be within the supply volt- 
The supply current, as a function of the resistor value, is age range. Duty cycle is not critical. The internal chopping 


shown in typical performance curves. frequency is the external clock frequency divided by four. 
When frequency of the external clock falls below 100Hz 
Pin2 - Inverting Input. (internal chopping at 25Hz), internal oscillator takes over 


and the circuit chops at 550Hz. 


Pin 3 - Non-Inverting Input. 
Pin6 - Output. 
Pin 4 - Negative Supply. 
Pin 7 - Positive Supply. 
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PIN DESCRIPTION 


Pin 8 - Clock Output Pin. The signal coming out of this pin 
is at the internal oscillator frequency of about 2.2kHz (four 
times the chopping frequency) and has voltage levels at 
Vu= +Vg and V_= +Vs—4.6V. If the circuit is driven by an 
external clock, pin 8is pulled up to + Vs. 

2)14-PIN PACKAGES 


Pin 1 - Supply Current Programming Pin. Function same 
as in 8-pin packages. 


Pin 4 - Inverting Input. 

Pin 5 - Non-Inverting Input. 
Pin7 - Negative Supply. 
Pin 10 - Output. 


Pin 11 - Positive Supply. 


Pin 12 - Clock Output Pin. Signal frequency is that of the 
chopping frequency. The voltage level swings between 
+Vs and + Vs —4.6V. 


Pin 13 - External Clock Input. With pin 14 tied to the —-Vs 
supply, an external clock can be applied to pin 13 with the 
threshold 2.2V below the + Vs supply. Chopping frequency 
of the circuit is the input clock frequency divided by four. 
With no external connection, pin 14 is pulled up to +Vs 
supply and the internal oscillator controls the circuit 
operation. A switching signal of the oscillator frequency 
(2.2kHz) appears on pin 13. 


Pin 14 - Internal/External Clock Selection Pin. Refer to de- 
scription of pin 13. 


ED 
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TECHNOLOGY 1.5A High Side Switch 
May 1989 
FEATURES DESCRIPTION 
a 1.5A Bipolar Switch The LT1188 is a monolithic high side switch employing 
a Controlled Output Slew Rate (2V/ns) to Limit R.F.1. bipolar technology. The device is designed to operate in 
Generation harsh environments such as those encountered in the au- 
a 60V Load Dump Capability with Inductive Kickback tomotive industry. The device incorporates an internal 
a Internal Negative Voltage Clamp for Inductive Loads clamp diode to clamp the negative voltage spikes gener- 
m 500yA Standby Current ated by inductive loads such as solenoids and is capable 
a Logic Input — TTL Levels of withstanding load dumps of 60V on the supply pin while 
nw Low!Input Bias Current (20,A) clamping such spikes. Standby current is only 500A and 
m Status Output ground pin current, when driving a 1A load, is only 5mA. 
m Short Circuit Detection and Shutoff : 
= Open Circuit Detection The devices input logic levels are ned to be compati- 
m Overtemp Detection and Shutoff ble with standard TTL ie ing only 20uA in 
the on state. A ante ovided to inform the user 
of the Gi output lo ocyONs. ell as the switch. 
APPLICATIONS age rasa or ch orted as well as 
loads an 


Ee wed a rs the device is above 
per ore. erature. The device protects itself 
circuited loads by limiting output current 

hen shutting itself off after a specified time if the 

ise? short remains. The device protects itself against overtem- 


a Solenoid Driver 
m Relay Driver 


a Motor Driver en t 
occurs at a temperature above where the status pin over- 


cor temp indication occurs, allowing the user time to recog- 
nize and possibly correct the problem before drive to the 
load is removed. 


perature by shutting itself off. Overtemperature shutoff 


input [7] 145 Voc 


OVERTEMP ea 
DETECTOR DETECTOR DETECTOR 
5 | OUTPUT 
STATUS 
LOGIC 


Specifications on this datasheet are preliminary only, and subject to 
y LINTAR change without notice. Contact the manufacturer before finalizing a design 1 3 55 
L TECH! v 


using this part. 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/OADER INFORMATION 


Supply Voltage ...........eeeees eens eee 
Supply Voltage (Transient 200ms)........ 
Logic Input Voltage ...........cc cece ees 


Operating Temperature Range 
LT1188M vo... .0ccecceeeeeneeeeeee ens 


LTU1BBC oo. ee ce ee ev ence seen ee nees 


Junction Temperature Range 
LT1188M 0... ..cceceeseeeeaeeeee renee 


Storage Temperature ............cc0eee 
Lead Temperature (Soldering, 10 sec) .... 


- 55°C to 125°C 
... 0°C to 70°C 


FRONT VIEW 
5 -—————— ouTPuT 


— 
J] GROUND 


—-— 
ok Input 


T PACKAGE 
5-LEAD T0-220 


K PACKAGE 
4-LEAD TO-3 METAL CAN 


ORDER PART 
NUMBER 


LT1188CK 
LT1188MK 


PARAMETER 
Switch Voltage Loss (Vec-Voyr, Switch On) 


CONDITIONS 


lour =1.0A, 5V<s Voc <30V 
lout = 1.54, 5V sVecos30V 


Output Leakage Current 


Voc =30V, Vour= OV, Vin= OV 


High Level Input Voltage 5V<Vocs30V, 
loyr = 1.54, (Note 2) V 
Low Level Input Voltage 5V< Voc <30V, 
loyr = 0.0A, (Note 3) e V 
High Levet Input Current BV sVoc S30V, Viy = 2.0V e pA 
Low Level Input Current 5V < Voc s90V, Vin = 0.4V e pA 
Status Pin Saturation Voltage 5V sVo030V, Igtatug = 1MA e Vv 
Status Leakage Current Voc = 30V, Vetar = 5.5V e 1 yA 
Standby Current Vin = 0.4V, R= ©, Vog = 30V 
Status = High e 500 650 pA 
Status = Low e 550 750 nA 
Ground Pin Current Veg = 90V, loyt = 1.5A e 9 15 mA 
Clamp Voltage lotamp = 1.0A, (Note 4) e 8 10 V 
lotamp = 1.5A, (Note 4} e 9 12 Vv 
Turn-On Delay (Note 5) e 30 aS 
Turn-Off Delay (Note 6) e 30 ps 
Output Slew Rate Voc = 17V, RL= 162 
Output Rising 05 1.2 5.0 Viys 
Output Falling ° 0.5 2.0 5.0 Vins 
Short Circuit Current Vec-Vour=7V 3.5 A 
e 20 47 A 
Vec-Vour = 17V 2.5 A 
e 15 4.0 A 
Voo-Vout = 30V 15 A 
e 0.5 3.0 A 
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ELECTRICAL CHARACTERISTICS (ote 1) 


PARAMETER 
Short Circuit Sense Time (tsc) 
Status Reset Time (ta) 


Open Circuit Current Trip Level 
Overtemp Detection Point 
Thermal Resistance 


Note 1: The @ denotes specifications which apply over the full operating Note 5: Turn on delay time is defined to be the time from the rising edge of 
temperature range. the input signal to the time that the output voltage is equal to 2V. 

Note 2: 2.0V is the minimum input voltage guaranteed to turn the device Note 6: Turn off delay time is defined to be the time from the falling edge of 
on. For input voltages greater than 2.0V the output voltage is guaranteed to the input signal to the time that the output drops by 2V. 

be turned on. Note 7: Thermal resistance is from the junction of the switch transistor to 
Note 3: 0.8V is the maximum input voltage guaranteed to turn the device the back of the case directly below the switch transistor. The device will be 
off. For input voltages less than 0.8V the device is guaranteed to be turned centered in the package and proper mounting techniques are required in or- 
off. der to have good thermal conduction away from this area of the package. 


Note 4: The negative voltage clamp is designed for intermittent operation 
such as clamping the reverse voltage spike caused by an inductive load. 
Clamp duration should be less than 100ms. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Switch Voltage Loss Short Circuit Current Input Current 
= 
3 Z q 
| = ue 
FS 2 g 
8 5 é 
x & = 
E 
= 
: 
0 02 04 06 O08 1.0 1.2 14 1.6 0 § 10 15 20 25 30 0 5 10 15 20 25 30 
OUTPUT CURRENT (A) SWITCH VOLTAGE (Vcc ~Vour), (V) INPUT VOLTAGE (V) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Clamp Voltage Slew Rate Open Circuit Detection Current 
i} 6 60 [rej 
mt z 
-2 4 = 60 
S 3 fe 
sg a 5 40 
x -4 = 3 2 
a in 3 
S -5 ed E30 
S = i 
= ~6 = 2 o 
a aw © 20 
-7 oS 
i= 
} oO 
Sty Tja125°C 2 ! z 10 
2 Tj=25°C 
-10 4 0 0 
0 02 04 06 08 10 1.2 1.4 1.6 -50 -25 0 25 50 75 100 125 —50 -25 0O 25 50 75 100) «125 
CLAMP CURRENT (A) TEMPERATURE (°C) TEMPERATURE (°C) 
Input Threshold Voltage Supply Current (Switch Off) Ground Pin Current (Switch On) 
1.3 600 
[| STATUS LOW 
AS, | 
s 500 3 
8 zg = 
S12 a a Fa 
3 2 & 
> # p 
g ee S 
3 = 300 z 
wn xy a 
w a z 
= a 5S 
= 14 Zz 200 - | 2 
5 & 
= 
vd 100 Istatus Pin =O 
1.0 0 
-50 ~25 0 25 50 75 100) «125 5 10 15 20 25 30 5 10 15 20 25 30 
TEMPERATURE (°C) SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) 
Short Circuit Sense Time Status Reset Time 
100 1.0 
gq | | 0.8 
a 75 > = 
= = 
= E 
rm 2 06 La 
oo = 
@ a 0.4 
oO Ee 
z 25 5 
3 0.2 
0 0 
-50 -25 0 25 50 75 100 125 —50 —25 0 25 50 75 100 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
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PIN FUNCTIONS 


Output: As can be seen from the block diagram the output 
of the device is the emitter of an NPN power transistor 
which can source current from the supply. The slew rate of 
the output, both rising and falling, is controlled to mini- 
mize the generation of RFI. In the negative direction the 
output pin is clamped to ground with a combination diode/ 
zener clamp. This clamp is designed to clamp the flyback 
voltage spike of an inductive load such as a solenoid. This 
clamp is designed for intermittent operation. The duration 
of the flyback spike should be less than 100ms. This al- 
lows a wide range of inductive loads. In the positive direc- 
tion the output pin is clamped to the supply with a diode. 


Ground: The ground pin of the device must be connected 
for the device to turn on. For an open ground pin the de- 
vice will be in an off state. 


Input: The input pin of the device must be driven above the 
input voltage threshold for the device to turn on. The input 
voltage threshold is designed to be compatible with stand- 
ard TTL levels, while the input impedance is high. Input 
current above the threshold is typically 20,4. For an open 
input pin the device will remain in an off state. The input 


logic requires a minimum input voltage slew rate of 3V/ms. 
This is several orders of magnitude slower than any logic 
family currently in use and should not normally cause any 
problems. 


Status: The status output is the collector of a grounded 
emitter NPN transistor whose base is internally driven by 
the status logic. A logic low indicates a fault condition 
(see Truth Table). This output requires an external pull-up 
resistor that should be chosen so that the current into the 
status pin, when the status pin is pulled low, is <1mA. The 
breakdown voltage of this NPN collector is equal to that of 
the output switch. 


Diagnostic Truth Table 
Input | Output Status 

Normal Operation L L H 

H H H 
Open Load L ey H 

H H L 
Shorted Load L L L 

H L L 
Thermal Overload L L H 

H L L 


STATUS FUNCTIONS 


Open Circuit Fault: The status output will be pulled low if 
the output current drops below the open circuit current 
threshold (typically 40mA). The open circuit detector is 
only active during the time that the switch is on (input 
high}, and will only affect the status output during that 
time. For open circuit faults the status output will not 
latch low. The status line will be low only as long as the 
fault condition exists. 


Short Circuit Fault: For short circuit faults lasting longer 
than the short circuit sense time (~60us), two things will 
occur; the output switch will be latched off and the status 
output will be latched low. The output will remain off until 
the input is recycled. The status output will remain low un- 
til both the short is removed and the input is recycled, and 
will be reset high after the status reset time (~500ys) has 
elapsed. For continuous shorts the output will turn on, for 
the short circuit sense time, each time the input is cycled 


and the status output will remain latched low. The current 
at which the short circuit detector activates is a function 
of the supply voltage as can be seen by looking at the 
short circuit current curve in the typical performance 
characteristics. 


Thermal Fault: Thermal faults can occur for two reasons, 
heating from external sources or heating due to power dis- 
sipation in the switch itself. The device will act similarly 
for both cases. Thermal faults will only affect the status 
output during the time that the switch is on (input high). 
Thermal faults will cause the status output to latch low for 
the duration of an input cycle. The status output will be re- 
set on the falling edge of the input waveform. There are 
two levels of thermal overload. At ~ 150°C junction tem- 
perature the thermal sensing circuitry will latch the status 
output low, and the output will remain on (as long as the 
input is high). At ~ 165°C the thermal sensing circuitry will 


Oe 
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STATUS FUNCTIONS 


turn the output off. If the junction temperature drops back 
below ~165°C the output will turn back on. This means 
that if the thermal fault is caused by an external source 
the output will stay off as long as the temperature is held 
above ~165°C. If the thermal fault is caused by internal 
power dissipation, the device will cycle on and off to main- 
tain the junction temperature near 165°C. The status out- 
put gives a fault indication at a temperature below the 
actual shutdown temperature to allow the user time to 
sense and possibly correct the fault condition before the 
switch takes action to protect itself. 


Load Dump: For transient supply voltages greater than 
35V or for transient switch voltages greater than 35V, a 
separate clamp network will turn the output off. This is 
necessary to keep the switch within its safe operating 
area and also to prevent the device from passing the high 


voltage transient on to the load. To guarantee survival of 
the switch for load dump type transients the risetime of 
the supply voltage, at the supply pin of the device, should 
be limited to <1Vius. This is to allow the device time to 
turn off between when the supply voltage reaches 35V and 
when the supply voltage reaches 50V so that the device is 
turned off well below its BVCEO voltage. If the device is 
bypassed closely, the series inductance and resistance of 
the supply leads along with the supply bypass capacitor 
will form an RLC filter and will limit the risetime. The slew 
rate limiting circuitry will be disabled during this transient 
turn off time. The output will remain off until the supply 
voltage drops back below 35V. During the time that the 
output is turned off by this clamp network the open circuit 
detector will still be active and will set the status pin low 
until the output comes back on and the output current is 
greater than the open circuit current. 
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TIMING DIAGRAM 


NORMAL OPERATION —3>{-<¢—————————_________.-_ FAULT CONDITIONS —_—__ 
INPUT | | | | | 


Open Circuit Timing 


OUTPUT VOLTAGE f | | — | WW | | 
es | 


(INDUCTIVE LOAD) 9 
| | | | | | 


STATUS | | f } f } 
0 * 


OPEN CIRCUIT FAULT | | | | | 


D 
“WHEN DRIVING INDUCTIVE LOADS THE QUTPUT CURRENT AT TURN-ON WILL BE LESS 
THAN THE OPEN CIRCUIT CURRENT THRESHOLD FOR A TIME DETERMINED BY THE 
VALUE OF THE INDUCTOR ANO THE QUTPUT VOLTAGE. 


Short Circuit Timing 


OUTPUT VOLTAGE 0 


t 
a 
OUTPUT CURRENT Isc SC 
{INDUCTIVE LOAD) 9 
| Iso — ta }—~ | 
STATUS : | 
| 
SHORT CIRCUIT FAULT 


Overtemp. Timing 


OUTPUT VOLTAGE 
OUTPUT CURRENT TT 
(INDUCTIVE LOAD) 
STATUS 
i 
= 165°C = 165°C-—— 
————OeOo —) 
EXTERNAL HEAT INTERNAL 
SOURCE HEATING 
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FEATURES 


= Software Programmable Features 
Unipolar/Bipolar Conversions 
4 Differential/8 Single Ended Inputs 
MSB or LSB First Data Sequence 
Variable Data Word Length 
Power Shutdown 
s Built-In Sample and Hold 
Single Supply 5V, 10V or + 5V Operation 
® Built-In Sample and Hold for Single Ended Inputs 
® Direct 4 Wire Interface to Most MPU Serial Ports and all 
MPU Parallel Ports 
@ 50kHz Maximum Throughput Rate 


pores 


Single Chip 12-Bit Data 
Acauisition System 
May 1989 


DESCRIPTION 


The 1701290 is a data acquisition component which con- 
tains a serial I/O successive approximation A/D converter. 
It uses LTCMOS™ switched capacitor technology to per- 
form either 12-bit unipolar, or 11-bit plus sign bipolar A/D 
conversions. The 8 channel input multiplexer can be con- 
figured for either single ended or differential inputs (or 
combinations thereof). An on-chip sample and hold is in- 
cluded for all single ended input nels. When the 
LTC1290 is idle it can be in applications 
where low power c 


esired. 


alt at atically provides 2’s comple- 


re ge igned to yor with industry 
duplex c ‘n ’ It allows either MSB 


KEY aecinr in the bipolar mode. The output data 
: programmed for a length of 8, 12 or 16-bits. 
» Resolution oi $ allows easy interface to shift registers and a variety 
= FastCon Et: és of processors. 
= Low Supp ent 5.0mMA —_LTCMOSis a trademark of Linear Technology Corporation. 
£ SCLK 

Voc a 

CHO SAMPLE 

CH2 

CH3 ANALOG 

CH4 INPUT 

ih 42-BIT 

oe ai 

COM 

10 " |? 13 14 a 
DGND AGND REF - AEF + CONTROL = 
AND Ss 
TIMING 
Specificati this datasheet li ly, and subject t 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


(Notes 1 and 2) aie 
Supply Voltage (Vcc) toGNDorV~ ........ceeeeeeeeee 12V ORDER PART 
Negative Supply Voltage (V~)..........c008. -6V to GND NUMBER 
Voltage 
Analog and Reference Inputs ..(V-) -0.3V to Voc + 0.3V LTC1290BMJ 
Digital Inputs 0.0... ccceeeeeee eee ees ~0.3V to 12V LTC1290CM¥ 
Digital Outputs 0.0... ee -0.3V to Voc + 0.3V Lint = LTC1290BlJ 
Power Dissipation ............:ccceseeeeeeee eens 500mW LTC1290ClJ 
Operating Temperature Range LTC1290BCJ 
LTC1290BC, LTC1290CC ...... 0... eee, 0°C to 70°C LTC1290CCU 
LTC1290BI, LTC1290Cl..............008 - 40°C to 85°C 
LTC1290BM, LTC12900M............... — 55°C to 125°C TPG 
Storage Temperature Range............. - 65°C to 150°C 20-LEAD CERAMIC OIF 
Lead Temperature (Soldering, 10.sec.).............. 300°C 


CONVERTER AND MULTIPLEXER CHARACTERISTICS oie 


LTC1290B 
TYP 


PARAMETER CONDITIONS 
Offset Error (Notes 4 and 5) 
Linearity Error (Notes 4 and 5) 
Gain Error (Notes 4 and 5) 
Total Unadjusted Error Veer = 5.000 
(Notes 4 and 6) 


Analog and REF Input Range 


On Channel Leakage Current 
(Note 8) 


(Note 7) (V—)-0.05V to Voc + 0.05V 
On Channel =5V +1 

Off Channel = 0V 
On Channel = 0V 
Off Channel = 5V 
On Channel = 5V 
Off Channel = 0V 
On Channel = 0V +1 +1 pA 
Off Channel = 5V | 


Off Channel Leakage Current 
(Note 8) 
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AC CHARACTERISTICS ote) 


LTC1290B 

LTC1290C 
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS 
fcuk Shift Clock Frequency 0 2.0 MHz 
facux AID Clock Frequency © | fscux 40 | MHz 
tacc Delay Time from GS | to Doy; Data Valid (Note 9) 2 ACLK 
Cycles 
tmp Analog Input Sample Time See Operating Sequence 7 SCLK 
Cycles 
Cycles 
tec Total Cycle Time See Operating Sequence 12SCLK + Cycles 

56 ACLK 

tao ° 130 as 
tis Delay Time, CS t to Doyy Hi-Z _| See Parameter Measurement Section | @ 70 ns 
ten Delay Time, 2nd ACLK | to Doyr Enabled See Parameter Measurement Section | @ 130 ns 
thos Hold Time, CS After SCLK | 0 ns 
thot Hold Time, Diy After SCLK t ns 
tnoo Time Output Data Remains Valid After SCLK! ns 
ty Dour Fall Time See Parameter Measurement Section | @ 65 ns 
t Dour Rise Time See Parameter Measurement Section | @ 25 ns 
{sunt Setup Time, Diy Stable Before SCLK 1 ns 
teucs Setup Time, CS | Before Clocking in First (Note 9) 2 ACLK 
Address Bit Cycles 
twucs CS High Time During Conversion 52 ACLK 
Ie Cycles 
Cw Input Capacitance Analog Inputs On Channel pF 
Off Channel ee ee Hee 
Digital Inputs pF 


Note 1: Absolute maximum ratings are those values beyond which the life 
of adevice may be impaired. 

Note 2: All voltage values are with respect to ground with DGND, AGND, 
and REF ~ wired together (unless otherwise noted). 

Note 3: Voc =5V, Vcr + =5V, Vacr— = OV, V~ =0V for unipolar mode and 
~5V for bipolar mode, ACLK = 4.0MHz unless otherwise specified. The @ 
indicates specs which apply over the full operating temperature range; all 
other limits and typicals T, = 25°C. 

Note 4: These specs apply for both unipolar and bipolar modes. In bipolar 
mode, one LSB is equal to the bipolar input span (2Vp¢r) divided by 4096. 
For example, when Vper = SV, 1LSB (bipolar) = 2(5V\/4096 = 2.44mV. 

Note 5: Linearity error is specified between the actual end points of the A/D 
transfer curve. 

Note 6: Total unadjusted error includes offset, full scale, linearity, multi- 
plexer and hold step errors. 


Note 7: Two on-chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 
below V~ or one diode drop above Vcc. Be careful during testing at low Vcc 
levels (4.5V), as high level reference or analog inputs (5V) can cause this in- 
put diode to conduct, especially at elevated temperatures, and cause errors 
for inputs near full scale, This spec allows 50mV forward bias of either 
diode. This means that as long as the reference or analog input does not ex- 
ceed the supply voltage by more than 50mV, the output code will be correct. 
To achieve an absolute OV to 5V input voltage range will therefore require a 
minimum supply voltage of 4.950V over initial tolerance, temperature varia- 
tions and loading. 

Note 8: Channel leakage current is measured after the channel selection. 
Note 9: To minimize errors caused by noise at the chip select input, the in- 
ternal circuitry waits for two ACLK falling edge after a chip select falling 
edge is detected before responding to control input signals. Therefore, no 
attempt should be made to clock an address in or data out until the mini- 
mum chip select setup time has elapsed. 
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LTC1290 


DIGITAL AND DC ELECTRICAL CHARACTERISTICS wore s 


LTC1290B 
LTC1290C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Vin High Level input Voltage Voc =5.25V e 2.0 V 
Vit Low Level Input Voltage Vog = 4,75V | @ | 08 Vv 
ly High Level Input Current Vin = Voc e 2.5 pA 
I Low Level Input Current Vin = 0V fet = oA 
Vou High Level Output Voltage Voc =4.75V, Io=10pA 47 v 
Ip =360pA 24 4.0 V 
Vor Low Level Output Voltage Voc = 4.75V, Io = 1.6mA 0.4 V 
loz Hi-Z Output Leakage Vout = Vec, CS High e 3 aA 
Vour=0V, CS High e -3 A 
IsourcE Output Source Current Vout =0V -10 mA 
Output Sink Current Vout = Voc 10 mA 
loc “ Positive Supply Current CS High 
CS High, Power Shutdown 


PIN 


FUNCTION DESCRIPTION 


1-8 CHO-CH7 Analog Inputs The analog inputs must be free of noise with respect to AGND. 
9 COM Common The common pin defines the zero reference point for all single ended inputs. It must be free of 
noise and is usually tied to the analog ground plane. 
10 DGND Digital Ground This is the ground for the internal logic. Tie to the ground plane. 
"1 AGND Analog Ground AGND should be tied directly to the analog ground plane. 
- Negative Supply Tie V~ to most negative potential in the circuit. (Ground in single supply applications.) 


Reference Inputs 
Chip Select Input 
Digital Data Output 


The reference inputs must be kept free of noise with respect to AGND. 
A logic low on this input enables data transfer. 
The A/D conversion result is shifted out of this output. 


Data Input The A/D configuration word is shifted into this input. 

Shift Clock This clock synchronizes the serial data transfer. 

A/D Conversion Clock | This clock controls the A/D conversion process. 

Positive Supply This supply must be kept free of noise and ripple by bypassing directly to the analog ground 


plane, 


APPLICATIONS INFORMATION DIGITAL CONSIDERATIONS 


The LTC1290 is a data acquisition component which con- Serial Interface 

tains the following functional blocks: The LTC1290 communicates with microprocessors and 
other external circuitry via a synchronous, full duplex, four 
wire serial interface (see Operating Sequence). The shift 
clock (SCLK) synchronizes the data transfer with each bit 
being transmitted on the falling SCLK edge and captured 
on the rising SCLK edge in both transmitting and receiving 
systems. The data is transmitted and received simultane- 
ously (full duplex). 
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1. 12-bit successive approximation capacitive A/D 
converter 

2. Analog multiplexer (MUX) 

3. Sample and hold (S/H) 

4. Synchronous, full duplex serial interface 

5. Control and timing logic 


LTC1290 
APPLICATIONS INFORMATION 


Data transfer is initiated by a falling chip select (CS) 
signal. After the falling CS is recognized, an 8-bit input 
word is shifted into the Diy input which configures the 
LTC1290 for the next conversion. Simultaneously, the re- 
sult of the previous conversion is output on the Dour line. 
At the end of the data exchange the requested conversion 
begins and CS should be brought high. After tcony, the 


in the selected row of the following table. Note that in dif- 
ferential mode (SGLIDIFF =0) measurements are limited 
to four adjacent input pairs with either polarity. In single 
ended mode, all input channels are measured with respect 
toCOM. 


Rides : MUX ADDRESS DIFFERENTIAL CHANNEL SELECTION 
conversion is complete and the results will be available on Sau | opp | SELECT 
the next data transfer cycle. St | SiGN|1 oOlo|1{2/3/ 4/5/67 
0 | 0 10 of¢|- ie 
Input Data Word ‘ o [01 eee 
The LTC1290 eight bit data word is clocked into the Dix in- ES ee a Tere 
put on the first eight rising SCLK edges after chip select is ; 7 1 | 4 oa 
recognized. Further inputs on the Diy pin are then ignored i ral TE = mare 
until the next CS cycle. The eight bits of the input word are " ih a aeahse : 
defined as follows: of1 fi 4 4 iene: 
Unipolar/ Word 
Bipolar Length 
{ ) | MUX ADDRESS SINGLE ENDED CHANNEL SELECTION 
SGL/ | ODD/ [SELECTISELECT __| 
ae | Sich | ; | o | UNI | MSBF ] WLI | WLo SGLI | ODDi | SELECT 
DIFF|SIGN|1 ofo|1/2|3)/4|5|6 | 7 | COM 
MUX Address MSB First/ 1 oo. Ole =| 
LSB First Wes 
1 | 0 [o 1 + - 
MUX Address A me Ce + E = 
1 0/1 1 L + - 
The first four bits of the input word assign the MUX i | 4 |o 0 + a - 
configuration for the requested conversion. For a given 1 1 jo 1 + = 
channel selection, the converter will measure the voltage i {ott = 
between the two channels indicated by the + and - signs Die ee ae Ti+] - 
Operating Sequence 


(Example: Differential Inputs (CH3-CH2), Bipolar, MSB First and 12-Bit Word Length) 


teve 
Peteietstets tats tela te 
ex | TUPLE LZ 
a 


| \- tsMPL 


Din a 


LLL LLL 
| 


tconv -| 


VL 


Dout B11)810] B9 | B8 | B7 | BG | BS J B4 | B3 | B2 | Bi | BO 


SHIFT CONFIGURATION 
WORD IN 


($B) SHIFT A/D RESULT OUT AND 
NEW CONFIGURATION WORD IN 
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LTC1290 


APPLICATIONS INFORMATION 
Unipolar/Bipolar (UNI) 


Unipolar Output Code (UNI = 1) 


The fifth input bit (UNI) determines whether the conversion INPUT VOLTAGE 
will be unipolar or bipolar. When UNI is a logical one, a neds | ae eee 
unipolar conversion will be performed on the selected in- {1ttttttt41410 Veer — 2L8B 4.9978V 
put voltage. When UNI is a logical zero, a bipolar conver- . ° . 
sion will result. The input span and code assignment for ; : 2 
each conversion type are shown in the figures below. 000000000001 1LSB 0.0012V 
000000000000 ov ov 
Bipolar Output Code (UNI = 0) 
INPUT VOLTAGE 
Unipolar Transfer Curve (UNI = 1) OUTPUT CODE INPUT VOLTAGE (per = 5V) 
014444441411 Veer ~ 1LSB 4.9976V 
041411411110 Veer - 2LSB 4,9851V 
4111111111114 ----------~--------- : : 
111111111110} ------~-~---------- ‘ . ‘ 
000000000001 1LSB 0.0024V 
000000000000 ov ov 
000000000001 111111111111 -1LSB -0.0024V 
90000000000 Vin 144111411110 -2LSB —0.0048V 
OV 1LSB Var —2LSB} VreF e e e 
Vrer~-1LSB : . 
100000000001 ~ (Vper) + 1LSB ~ 4,9976V 
100000000000 — (Vaer) -5,0000V 
Bipolar Transfer Curve (UNI = 0) 
019444111941 
019911111110 rt 
a 
—Vper + 1LSB 000000000001 oar ta 
' v Vin 
' 909999999111 REF 
H U14111111110 \ 
' Veer—1LSB 
100000000001 
100000000000 


LTCI290 


APPLICATIONS INFORMATION 
MSB First/LSB First Format (MSBF) 


The output data of the LTC1290 is programmed for MSB 
first or LSB first sequence using the MSBF bit. For MSBF 
first output data the input word clocked to the LTC1290 
should always contain a logical one in the sixth bit loca- 
tion (MSBF bit). Likewise for LSB first output data the in- 
put word clocked to the LTC1290 should always contain a 
zero in the MSBF bit location. The MSBF bit affects only 
the order of the output data word. The order of the input 
word is unaffected by this bit. 


OUTPUT FORMAT 


LSB First 


Word Length (WL1, WLO) and Power Shutdown 


The last two bits of the input word (WL1 and WLO) program 
the output data word length and the power shutdown fea- 
ture of the LTC1290. Word lengths of 8, 12 or 16-bits can be 
selected according to the following table. The WL1 and 
WLO bits in a given Diy word control the length of the pre- 
seni, not the next, Dour word, WL1 and WLO are never 
“don’t cares” and must be set for the correct Doyr word 
length even when a “dummy” Diy word is sent. On any 


Low CS Recognized Intemally 


ox [LOLI LPL Lr 


, 


Hi-Z 
Dour VALID OUTPUT 
i} 


transfer cycle, the word length should be made equal to 
the number of SCLK cycles sent by the MPU. Power down 
will occur when WL1=0 and WLO= 1 is selected. The pre- 
vious conversion result will be clocked out as a 10-bit word 
so a “dummy” conversion is required before powering 
down the LTC1290. Conversions are resumed once CS 
goes low or an SCLK is applied, if CS is already low. 


OUTPUT WORD LENGTH 
8-Bits 
Power Shutdown 


16-Bits 


Deglitcher 


A deglitching circuit has been added to the Chip Select in- 
put of the LTC1290 to minimize the effects of errors 
caused by noise on that input. This circuit ignores 
changes in state on the CS input that are shorter in dura- 
tion than one ACLK cycle, After a change of state on the 
CS input, the LTC1290 waits for two falling edge of the 
ACLK before recognizing a valid chip select. One indica- 
tion of CS recognition is the Dour line becoming active 
(leaving the Hi-Z state). Note that the deglitching applies 
to both the rising and falling CS edges. 


High CS Recognized Internally 


\ 
| 
t 
T 


Dour VALID OUTPUT Hi-Z 
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LTC1290 


APPLICATIONS INFORMATION 


CS Low During Conversion 


In the normal mode of operation, CS is brought high during 
the conversion time. The serial port ignores any SCLK 
activity while CS is high. The LTC1290 will also operate 


must remain low during the conversion as shown in the 
following figure. After the conversion is complete, the 
Dour line will become active with the first output bit. Then 


with CS low during the conversion. In this mode, SCLK __the data transfer can begin as normal. 


CS High During Conversion 
SHIFT tgp 48 70 52 ‘ 
HIFT RESULT OUT 
MUX _— ANALOG————+| CLK CYC 
= fs IN INPUT ANO NEW ADDRESS IN 
cs 


| 


CS Low During Conversion 


cs 


SHIFT tsMpL 
48 TO $2 SHIFT RESULT OUT 
femux i ia ec “| acuxcyc /+————anp new anoness in —+ 
NN a lg he ee 
| SCLK MUST 
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TECHNOLOGY 


PRELIMINARY 
LTCI291/LTC1292 
LTC1293/LTC1294 


1,2, 6 and 8 Channel, 12-Bit 


Serial |/O Data Acquisition Systems 


FEATURES 


= Programmable Features 
Unipolar/Bipolar Conversions 
Differential/Single Ended Multiplexer Configurations 

= Sample and Hold 

@ Single Supply 5V, 10V or + 5V Operation 

™ Direct 3 or 4 Wire Interface to Most MPU Serial Ports 

and All MPU Parallel I/O Ports 

= Analog Inputs Common-Mode to Supply Rails 

= Resolution 12 Bits 

= Fast Conversion Time 

@ Low Supply Current LTC1291/2/3/4 


DESC yi 
The LTC1291/2/3/4 ta \~a systems are de- 
signed to provi e function, excellent accuracy 
and ease of use when digitizing analog data from a wide 
variety of signal sources and transducers. Built around a 


May 1989 


12-bit, switched capacitor, successive approximation A/D 
core, these devices include software configurable analog 
multiplexers and bipolar and unipolar conversion modes 
as well as on chip sample and hold. On-chip serial ports al- 
low efficient data transfer to a wide range of microproces- 
sors and microcontrollers. These circuits can provide a 
complete data acquisition system in ratiometric applica- 
tions or can be used with an 3... in others. 


The high impedance : < G the ability to oper- 
ate with red direct connection to sensors 
and.t many , eliminating the 


forwain stages. i 
An ef cy OFA runca without external 
(fost MP 


t 
U serial ports and all MPU parallel I/O 


pr allowing eight channels of data to be transmitted 


over as few as 3 wires. This, coupled with power shutdown 
(LTC1291/3/4), makes remote location possible and facili- 
tates transmitting data through isolation barriers. 


Temperature drift of offset, linearity, and full scale error are 
all extremely low allowing all grades to be specified with 
linearity errors of + 0.5LSB maximum over temperature. 


TYPICAL APPLICATION 


ANALOG INPUT #1, 0-5V RANGE 
ANALOG INPUT #2, 0-SV RANGE 


1101291 


MPU 
(e.g., 8051) 


P14 
P13 
P12 


FOR 8051 CODE SEE 
APPLICATIONS INFORMATION SECTION 


Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
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LTCI291/LTC1292 


LTC1293/LTC1I294 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Vcc} toGNDorV~ oo... eee 12V—- Power Dissipation...........cc:ccssceeseeeeeeeeene 500mW 
Negative Supply Voltage (V~)............40. -~6VtoGND Operating Temperature Range 
Voltage _ LTC1291-4BC, LTC1291-4CC.............. 0°C to 70°C 
Analog Reference and LTC1291/2 CS LTC1291-4Bl, 11C1291-4Cl ............ ~ 40°C 10 85°C 
INpUutS... 0.0... cece eee een eee (V~) -0.3V to Veo +0.3V LTC1291-4BM, LTC1291-4CM......... -55°C to 125°C 
Digital Inputs (except LTC1291/2 CS) ..... -0.3Vto12V Storage Temperature Range............. - 65°C to 150°C 
Digital Outputs..............0000 -0.3VtoVcc+0.3V Lead Temperature (Soldering, 10 sec.).............. 300°C 
PACKAGE INFORMATION 


TOP VIEW 
VA 


101291 


J PACKAGE N PACKAGE 
8-LEAD CERAMIC DIP —8-LEAD PLASTIC DIP 


TOP VIEW 


101293 


J PACKAGE N PACKAGE 
16-LEAD CERAMIC DIP 16-LEAD PLASTIC DIP 


J PACKAGE 


TOP VIEW 


N PACKAGE 


8-LEAD CERAMIC DIP —_8-LEAD PLASTIC DIP 


(101294 


J PACKAGE N PACKAGE 
20-LEAD CERAMIC DIP 20-LEAD PLASTIC DIP 


PRODUCT GUIDE 

T es 

CONVERSION MODES DMPA " +5V 

PART NUMBER # CHANNELS | UNIPOLAR BIPOLAR (SEPARATE Vper} CAPABILITY | _ 
LTC1291 2 e Pin for pin 12-bit upgrade of ADC0832 
171292 1 e e |_ Pin for pin 12-bit upgrade of ADC0831 
LTC1293 L 6 ° | @ ° e 
LTC1294 8 e | oe ° e 
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PRELIMINARY 
nt AR LT143] 


TECHNOLOGY Programmable Reference 
May 1989 

FEATURES DESCRIPTION 
a Guaranteed 0.4% Initial Voltage Tolerance The LT1431 is an adjustable shunt voltage regulator with 
a 0.12 Dynamic Output Impedance 100mA sink capability, 04% initial reference voltage 
aw Fast Turn-On tolerance, and 1% temperature stability. On-chip divider re- 
w Sink Current Capability, imA to 100mA sistors allow the LT1431 to be configured as a 5V shunt 
= Low Output Noise Voltage regulator with 1% initial voltage tolerance and requiring no 


additional external components. By adding two external re- 
sistors, the output voltage may be set to any value between 


APPLICATIONS 2.5V and 36V. The nominal integer limit of 100mA 


may be decreased by in igh nal resistor. 
m Linear Regulators 
a Adjustable Power Supplies ow 


= Switching Power Supplies oF G 


TYPICAL ROR n 


Isolated 5V Regulator 


*COLLECTOR CURRENT LIMIT = 600mV/(RUm +20), WITH AT¢ OF = —0.3%/°C 


Specifications on this datasheet are preliminary only, and subject to 
13 72 change without notice. Contact the manufacturer before finalizing a design { y Lin AR 


using this part. 


LT143] 


ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 


Vt ‘ VCOLLECTOR PNGis Wiecerevate-eee-e Tniale Waa aed eeeie wR « 36V TOP VIEW ORDER PART 
Nowe, Fron Fi NBER itesesailiesaacev’s vasawadelcnees A . aula NUMBER 
Ambient Temperature Range Pie eee ge ae be 
LT 143 1M ciscsiendannaieds at cutesy — 55°C to 125°C 
LT1431C ........ be dudeapesnes cacis seutaay 0°C to 70°C * PACKAGE a PaniaGe 
Junction Temperature Range 8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 
LTT431M ....cccescecceccseessneeeeees ~ 55°C to 150°C aie 
LTISB1G ov cccnsccivcsseceieveacnsenees 0°C to 100°C sill adele 
Storage Temperature Range............. - 65°C to 150°C RFS 9 o<_carone 
Lead Temperature (Soldering, 10sec.) .............. 300°C \ toe / 


Z PACKAGE 
3-LEAD T0-92 PLASTIC 


ELECTRICAL CHARACTERISTICS Ta = 25°C, Ix = 10mA, unless otherwise specified (Note 1). 


LT1431M LT1431C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | UNITS 
Vrer Reference Voltage Via =5V, Ik = 2mA, (Note 2} 2490 2500 2510 | 2490 2500 2510 mV 
@ | 2465 2535 | 2480 2520 mV 
AVperlAT | Reference Drift Vaa=5N, Ik=2mA e| 0 | 2% | ppmec 
AVpeF Voltage Ratio, Reference to Ik =2mMA, Vkq =3V to 36V 02 05 02 05 mV 
Vea Cathode 
Irer! Reference Input Current Vea=5V, Ty = 25°C 02 1 02 1 pA 
e 15 1.2 
IMin Minimum Operating Current Via = Vage to 36V 06 1 06 1 mA 
lor | Off-State Cathode Current Vea = 36V, Vagr = OV = aes aA 
e HA 
lea! Off-State Collector Leakage Current | Voo1 = 36V, V* =5V, Vege = 2.4V eS haa yA 
pA 
Zxa| Dynamic Impedance Vea= Veer, Ik = 1mA to 100mA, fs 1kHz a Q 
lum Collector Current Limit Vka= Veer e 100 260 mA 
The @ denotes specifications which apply over the full operating tempera- Note 2: The LT1431 has bias current cancellation which is effective only for 
ture range. Vxa29V. A slight (=~ 2mV) shift in reference voltage occurs when Vx,q drops 


Note 1: Via is the cathode voltage of the LT1431CZ and corresponds to V* below 3V. For this reason, these tests are not performed at V«4 = Vper. 
of the LT1431. Ix is the cathode current of the LT1431CZ and corresponds to 
\v*) + Icottector Of the LT1431. 
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Jul j \2 NEW PRODUCTS 


TECHNOLOGY 


Extended Temperature Range 
Linear ICs (200°C) 


Linear Technology now offers a number of its high per- 
formance products fully characterized, tested, and with 
specification limits guaranteed over an extended operat- 
ing temperature range of from - 55°C to + 200°C. 


The list of extended temperature range products being of- 
fered by Linear Technology continues to grow. At the time 
this catalog was printed, the company offered for sale the 
following products. 


LTCMOS™ and CSOA™ are trademarks of Linear Technology Corporation. 


Op Amps: 
LT1001XH Precision Op Amp 
LT1007XH Low Noise, High Speed Precision Op Amp 
LM101AXH Uncompensated General Purpose Op Amp 
LM118XH High Slew Rate Op Amp 


Precision References: 
LM129XH 6.9V Precision Voltage Reference 


Comparators: 
LM111XH General Purpose Comparator 
LM119XH High Speed Dual Comparator 


Complete specifications on Linear Technology’s 200°C 
product offerings can be obtained from your local LTC 
sales representative or directly from the factory. 
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SECTION 14—PACKAGE DIMENSIONS 


INDEX) 5 coke 8A See 25 Gataualsldnd lun ead adtnpeaiad GR 2 palate da nschipeding Wiss alee sti Leeent hed ated wese 14-2 
Package. Cross Reference 's.¢ vac shs. ine oiai ded e TRG KVae un yd eens PRTG Leet es bee ede ee Mirae Tbe a Pelagia died pihe 14-3 
Package DIMONSIONS : ii.5.5.cdsee vacthue do vle dh 6 GEE Tabane Hehehe pulse Easton. nce bu Ne HALES Rata ME UO Ted a ander ae MGA Dadar ns 14-5 
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f J LIN j \I2 PACKAGE CROSS REFERENCE 


TECHNOLOGY 


LTC NSC SiG FSC MOT Tl SG AMD RAYTH PMI 
M PS PNB P 


Plastic DIP NB N N T Pi P 
ce a Bead Ne if | | | 
Plastic DIP i N N P P2 N N P14 PN P 
ARF 14, 16, 18, 20, N-14 NE P-46 
24, and 28 Lead 
T0-220 
3Lead 


70-220 
5 Lead 


| Side Brazed Hermetic DIP 
8 Lead 

sa Side Brazed Hermetic DIP 

by Te 44, 16, 18. and 20 Lead 


TO-92 
fo} & Stead 


10-5, T0-39, TO-96 
TO-99, TO-100 and TO-101 


R, and 8 Lead 
T0-3 (Steel) 
2Lead 


(Aluminum) 


703 
4Lead 


T0-46 
3,4 Lead 
70-52 
3 Lead 


T0-3P 
SLead 


‘Plastic SO 
8 Lead 


Plastic SO 
14, 16 Lead 
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PACKAGE CROSS REFERENCE 


[ure | NSC |" sic Fsc | MoT | 71 | SG | AMD | RAYTH | PM | 
] Plastic SOL 5 M D = D D = = = = 
— 16, 18, 20, 24, 28 Lead 
fon 
‘i r Plastic SIP _ 7 —+ z = — = = = = 
aoe 11 Lead 
(on 
Mm | otead Conse [Ww Ww ra F F w fF |mM | = RC 
ili | 
a 
PROPRIETARY DEVICE it {| oF op | NE | QA mc | Th | SG | AM RM OP 
PREFIXES uc | LH MF | SE RC REF 
LM ae a | CMP 
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J LIN PACKAGE DIMENSIONS 
TECHNOLOGY 


D Package 
8 Lead Sidebrazed 


0.300 

(7.620) 0.020—0.040 

REF (0.508 — 1.016) 
0.125, 


a anos 
a i 
Fe fev 1S 14 Lead Sidebrazed 


0.298 
(7.569) PIN NO. 1 
DENT 
0.165 
(4.191) 0.020—0.040 


MAX. (0.508— 1.524) 


i 


0.008-0.015 0.050 + 0.010 
(0.203—0.381) 5 (1.270 + 0.254) (1.372) 
an a TP 
0.300 MIN 0.100-+ 0.010 0.015—0.023 
(7-620) (2.540 0.254) (0.381 — 0.584) 
REF D14188 


PACKAGE DIMENSIONS 


D Package 
16 Lead Sidebrazed 

0. : 
TE pang s| Pa 
me ae fio] [2 me 
0.050 


(1.272) 
REF RAD 


ty Lay 13) 4) CS Ley LZ] Lg 
0.840 
(21.336) 


0.050 MAX 
0.295 + 0.010 (1.270) 0.050 
{7.493 + 0.254) TyP (1.270) 
TYP 


0,008 - 0.015 @.175) 
(0.203 0.381) 023 
0.290 — 0.320 < oe 0.588) 


(7.366 — 8.128) 0.040—0.060 


; opp?” si 
cor D Package 


18 Lead Sidebrazed 


0.910 
(23.114) 


0.020 0.060 
—_— (0.508 — 1.524) 


0.008-0.015 _0.050+0.010 0.100 +.0.010 0.054 
(0.203—0.381) | (1.2700.254) | (2.540 0.254) (1.372) 
0.300 0.015—0.023 TY: 
(7.620) (0.381 —0.584) 
REF 


Die188 
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D Package 
20 Lead Sidebrazed 


PACKAGE DIMENSIONS 


0.008 — 0.015 
(0.203 ~ 0,381) 


0,040 
(1,016) ; 
oi ; 0.165 --0.185 
} 1 h (197 — 4.699) 
¥ 
SEATING“ + 
PLANE: a PLANE 2.500-0.750 
0.010- 0.045 fg [ Nl (Z70— 19.05) 
: X ee 
pase tn) of Ly 0.016 0.029 
(0.406 0.533) 
TYP 
0.027-0.045 
Bs Moor - .034 KZ (0.686 = 1.143) 
(0.686 —0,864) : 


0.200 - 0.230 
(5.080 — 5.842) 
Bsc 
y 


0.110—0.160 

(2.794 —4.064) 
INSULATING 
STANOOFF 


NOTE: LEAD DIAMETER IS UNCONTROLLED SETWEEN 
THE REFERENCE PLANE AND SEATING PLANE. 
48188 


Wen 


REFERENCE 
PLANE 


0.485 
(12.319) 


0.100 + 0.010 


(2.540 + 0.254) 


G 


arav© 
H Package 
10 Lead TO-5 Metal Can 
0.335 —0.370 


(8.509 9.396) 
DIA 


0.305 - 0.335 
{7.747 =8.509) 
0.040 
(1.016) 0.080 
we (1.279) 0.165 ~ 0.185, 
t MAX (4.191 — 4.699} 
oe —s v y REFERENCE 
EATING GAUGE PLANE 
PLANE Fae 0.500-~0.750 


0.010 -—0.045 {12.70 — 19.05) 


(0.254=1.143) 


00 0 
mol fag 2.016 0.021 


(0.406 - 0.533) 
TYP 


0.027 —-0.045 
36° Bs ‘< 0.027 —0.045, 
0.007 —0.084 AN {0.686 1.143) 
(0.686— 0.864) 
0.230 
6a 
0.110-9.160 
(2794-4064) 
INSULATING 
STANDOFF 
NOTE: 


1. LEAD DIAMETER IS UNCONTROLLED BETWEEN THE REFERENCE PLANE AND SEATING PLANE. 


10188 


14-7 


PACKAGE DIMENSIONS 


H Package 
3 Lead TO-39 Metal Can 
0.350 —0.370 
(8.890 —9.398) 
DIA 
0.305 —0.335 
0.165 —0.185 o> GAT ST 
ra (7.747 —8.509) 0.050 
(4.191 —470) i270) 
sascat MAX 
0.500 t 
(12.70) 
MIN rt 0.016 -0.019 
v | (| (@.406 = 0.483} 
DIA 3 LEADS 
0.200 
(5.080) 
0.100 
(2.540) 
0.029 --0.045 
(0.737 ~ 1.14) 
0.028 --0.034 oan 
gh 
45° 


94301168 


Oo 


t 
Es yiS 


cor * 


0.209 -0.219 


6.309—5 537) 
0.178 0.195 
{4.521 — 4.953) 
9.080—0.100 
0.015, {2.032 2.540} 
0.500 0.387} 
(12:70 ee MAX 


t 


0.025 


(0 


( (0.635) 
016-0019 7 MAK 
(0.406 - 0.483) 

DIA 

0.950 _0.100 
(1.270) (540) 0.050 
Typ «TYP (1.270) 
TYP 


FOR 3-LEAO PACKAGE ONLY 


0.036 - 0.046 0.028 - 0.048 0.036 — 
(0.914— 1.168) Ke S (0.711 ~1.219) 0914 
esy188 


0.029 


(0.737— 


(0.406 - 0.483) 
DIA 
0.059 0.100 
(1.270) (2.540) 0.050 
Typ TYP (1.270) 
TyP 
45° 

0.046 0.028 - 0.048 
(0711 1.219) 


445188 


\ 
— 0.040 


H Package 
4 Lead TO-39 Metal Can 
0.350-—0.370 
in (8.890 — all 
; 0.305 — 0.335. 
0.165-0.195. = || (7-747 —8.509) ra 4 509) 9.050. 
{4. (4.191 —4.953) = | (1.270) 
MAX 


ef fe — 2.016-0.019 


+— ig (0.406 — 0.483) 

DIA 3 LEADS 
0.100 
(2.540) 


a mi 
Mek i 


0.200 
(6.080) 


.4 


1.016) 


0.100 
(2.540) 


ow 


ED H Package H Package 
4 Lead TO-46 Metal Can 3-Lead TO-52 Metal Can 
G.209-0.219 <— 9.209 —0.230 
{5.309 —- 5.563) (5.309 ~ 5.842) 
| 0.178—0.195. is 0.178-0.195 
{4.521 — 4,953) (4.521 — 4,983) 
0.115~0.150 
0.085 — 091 2 Ral 
@ 12? a 0.015 mets 810) 
0.500 9.381) 
(12.70) MAX 
MIN ' 


' abo 
{ { (0-762) 
0.016—0.019 es 


(0.406 — 0.483) 
DIA 


0.050 0.100 
(1.270) (2.540) 0.050 
Typ TYP (1.270) 
TYP 
0,036 —0.046 0.028 - 0.048 


(0-914—1. 168) (.717-1.219)- 


3x82)188 


14-8 


Weer 


J Package 
8 Lead Cerdip 


PACKAGE DIMENSIONS 


(0.127 (nad 
az 0.405 


(ae (10.287) 


0.025 
(0.635) 
RAD TYP 


0.290 —0.320 
(7.37—8.13) 


0.220 —0.310 
(5.588 — 7.874) 


0.200 
(5.080) 


MAX 
0.008 —0.018 


(0.203 —0.460) 


0.015 — 0.060 
(0.381 — 1.524) 


—i_ htS 


0°-15° 


0.385 0.025 __, | 
(9.779 + 0.635) 


(2.540 + 0.254) 


38188 


J Package 


0.785, 
(19.939) 
MAX 

RAD TYP 


0.290 — 0.320 
(7.37 ~8.13) 


0.220- 0.310 
(5.588 — 7,874) 
0.200 
0.098 7 Cae 
2.490) 
MAX 0.015—0.060 
(0.381 —1.524) 
0°-15¢ 
0.008 —0.018 
(0.203 0.460) 
0.385 40.025 0.014—0.026 0.100£0.010 
“~ .779.£0.635) (0.36 —0.66) ee ala >| SOR 5402 0.254) 0.125 
0.038—0.068 ar 
{(0.965—1.727) 
J14188 


14-9 


PACKAGE DIMENSIONS 


J Package 
16 Lead Cerdip 


0.220—0.310 
(5.588 — 7.847) 


0.290 -0.320 
(7.37—8.13) 


0.015 —0.060 
{0.38 ~ 1.52) 


0.008—0.018 
(0.203-0.460) 0.125 
(3-175) 
0.3854 0.025_ ‘it 


(9-779 + 0.635) ot iN 


40F 


0.014 —0.026 


Atay 
nev 1S J Package 


0.220—0.310 
(5.590 — 7.870) 


0.160 0,200 
aaa) (4.064) me 0.038 ~ 0.068 (5.080) 
ate MAK (oxs-t27 | ws 
fam 0.060 
(0.380—1.520) 
0.008-0.018 90° + 4° | 
~~ 0° 15° (0.203 — 0.460) we 
oe 0.098 eu le 0.014 0.026 0128 
(8.779 0.635) (2480) 480) 0.100.0.010 a (0.360 —0.660) ae 
(2.540 0.254) MIN 


318188 


14-10 ower 


PACKAGE DIMENSIONS 


J Package 
20 Lead Cerdip 


0,220--0.310 
(5.588 — 7.874) 


0.290 - 0.320 
(7.366 —8.128) 


0.015—0.060 
(0.381 — 1.524) 


0.008—-0.018 
{0.203—0.457) 


0.385 20.025 
(9.779 + 0.635) 


nev 1st J Package 


0,290—0.320 an 0.060 +0.005 O25, 
(7-366 6.128) MAX (1-524+0.127) 715) 
TYP 
0.125 0,020—0.070 
@Bi75) (0.508 — 1.778) 
MIN 


0.008 —0.012 

95° 45° {0.203 =0.305) ae 
0.310—0.410 — 
(7.874 — 10.41) 0.100 + 0.010 | Be 0.018 + 0.003 


095, 
(2.413) (2.540 +0.254) (0.457 +0.076) 
MAX TYP 


LT hee 14-11 


PACKAGE DIMENSIONS 


J Package 
28 Lead Cerdip 


6.025 
0.514—0.526 (0.6%) 
(13.05 — 13.36) 


aa 0.225 
0.590 —0.620 MAX 0.055 +.0.005 (6.715) 
(1499-15 .75) (1-397 0.127) MAX 
0.020 -0.070 
0.125 (0.508 ~ 1.778) 


0.008 =0.012. 
95° 45° (0.203—0.305) 


+0.025 
LL 9.685 "9.060 _ 


(3.175) r 
Ms I | 


(0.457 + 0.051) 


a + rN . 
pA 
ger on K Package 


as! mS ata he 


2 Lea a 4 Lead T0-3 Metal Can 
m0. 760—0.775 0.775 
(19.30— 19.69) _ 0.760 -0.775 
0.320-0.350 (13.30—19.69) 
0.060 ~ 0.135 (8.128— 8.890) 
ale 0.350 (1.52—3.43) 


(8.13 — 8.89) 


me) 
sag ma) as 


(10.67— 12.19) (2.946) 
MAX 


0.420—0.480 0.038 — 0.043 I |. 
. ey (10.67—12.19) (0.965 — 1.092) 


4.177-1.197 
(29.90 — 30.40) 


0.067—0.077 
(t.70-1.96) 


1.477 —1.197 
(29.90=30.40) 


0.220 -0.235 
{5.588 — 5.969) 


0.210-0.220 
(5.33 —5.59) 0.152—0.162 


0.152 --0.161 (3.860— 4.114) 
RTYP 


0.445 —0.465 
(3.86—4.09) ®TYP 


0.425 — 0.435 (17.30-11.81) 


0.967—0.177 


Pp 
(a.26—4.49) TY 


0.167—0.177 
(4.241 -4.495) 
RTYP 


0.495 — 0.525 
(12.57 — 13,34} 


kata 


0.685—0.675 
(16.64 — 17.15) 


14-12 LI WU 


2188 


PACKAGE DIMENSIONS 


N Package 
8 Lead Molded DIP 


0.250 0.010 
(6.350 #:0.254) 


0.1304 0.005 


0.300 ~ 0.320 0.045 — 0.065 
(3.302 + 0.127) 
0 


(7.620 — 8.128) (1.143 — 1,651) 


065 
1651) y 
7 i S 
0,009 0.015 
* I (6.229-0.381) , 
+0.025 
0.325 "9.015 0.045 +.0.015 1 
+ 0.635 (1.14320.381) Oo 
(6255 +931) : : \' 


Package 


\ ai 0.770 
€ (19.558) 
MAX 


0.250 + 0.010 
(6.350 + 0.254) 


0.045 - 0.065 
(1.143 —1.651) 


0.300 —0.320 
(7.620 —8.128) 0,020 

0.125 (0.508) [a 
9 (3.175) MIN 0.130 -40.005 


) 
MIN (3.302 + 0.127) 


! 
es 


0.009 —0.015 0.075+0.015 __ | 0.018 + 0.003 
(0.229 —0.381) (1.905 + 0.381) (0.457 +0.076) 


+0.025 
0.325 ~0,015 0,100 + 0.010 
a oes) (2.540 40.254) 
8.255 
¢ —0.381, N14188 


LOW 14-13 


PACKAGE DIMENSIONS 


N Package 
16 Lead Molded DIP 


0.250 + 0.010 
(6.350 + 0.254) 


0.065 
0.300-0.320 _0.130+0.005 0.045 -— 0.065 (1.651) 
TYP 


(7.620—8.128) (3.302 20.127) (1.143 — 1.651) 
0.020 
(0.508) 1 
MIN 


0.009-0.015 0.125 
(0.229-0.381) (3.175) 
MIN 


| aaseoass ot 4 
os Yo voy aoe | 
(a.255 +953) ay ¢ OF ont 
per yo 
<0 t th 
SF ad Molded DIP 


0.250 + 0.010 
(6.350 + 0.254) 


0.045 —0.065 


0.300 — 0.320 i 
(1.143 —1.651) 


(7.620 ~ 8.128) ; 
TYP 


0.130 + 0.005 
(3.302 + 0.127) 


ee 


(3-175) 
MIN 
0.009 - 0.015 | Ls 0.100 + 0.010 
(0.229—0.381) or {2.5404 0.254) 
+0.025 0.045 + 0.015, 0.018 + 0.003, 
0.325 _ 9015 (1.143 £0.381) (0.457 + 0.076) 
0.635 
(0.255 "3 Se1) wro189 


LY Wee 


14-14 


PACKAGE DIMENSIONS 


N Package 
20 Lead Molded DIP 
4,040 er 
(26.416) 
MAX 


0.250 40.010 
(6.350 +0.254) 


0.130 + 0.005 ; 
0.300 —0.320 (3.302 40.127) ae 


4 (7.620 —8.128) 


0.009 — 0.015 
(0.229 —0.381) 


+0.025 
—0.015 


(6.255 5 35) 


0.325 


N Package 


cor BR 24 Lead Molded DIP 


1.245 
ie (31.62) ' 
[24] fis] {18] [14] 
0.260 0.005 
(6.604 + 0.127) ae 
RAD 
0.300 
{7-620} 
0.020 0.130 0.005 
0.290 0.020 sp 0.130 0.005. 0.040 0.010 
0.065 oH O00 
7365) (osoe) "(8.302 20.127) 2.085 ioe 2025q 
6.000, 
f (0.508) 
j MIN 
0.009 -0.015 
(0.229 -0.381) 
86°-94° 


TYP 
+0.025 ee 
0.325 
=0.015 | a Ibe 0.065 0.015 ie 0.100 +0.010 im 0.018 + 0.003 
(e255 2%) . a (1.651£0.381) (2.54040.254) (0.457 £0.076) 


N24B88 


LY WI 14-15 


PACKAGE DIMENSIONS 


N Package 
28 Lead Molded DIP 


0.062 
0.51040.005 (1.575) 
RAD 


(12.95 40.127) 


______0.690-0,620 
15.24=15. 
: 2) 0.030 
0.580, (0.762) 2960 9. 130..0.005 0.050 
(14.73) Max (1.824) (3.392:40.127) S 
MIN t ) 0.020 
| 0.125 (0.508) 


yi Ae 


7 0.009 90.915 7 
95° 25 nee 
(0.229 —0.381) } 
+0.025 
. 0679 0.016 | 0.050 + 0.015, LL 0.018 +-0.003 
(15.87 +2835) pe (1-270-0.381) (0.457 0.076) 


at pA _ 
nev Eran. 
cor 7 


8 7 6 5 


0.228—0.244 0.150 0.157 
{5.791 —6.197) {3.810 —-3.988} 


0.010 0.020 4a Joes 
(0.254—0.508) (. 0.004 0.010 
Fe 0.050 
gree Tye 0.060.050 (1.270) 
(0,408—1.270) 0.014-0.019 Ye 


(0.355 — 0.483) 


NOTES: 
1. PKG MATERIAL: PLASTIC 
2. LEAD MATERIAL: A-42, TIN PLATED 


s8188 


14-16 LT Wie 


PACKAGE DIMENSIONS 


SO Package 
14 Lead Small Outline 


0.337 ~0.344 
(8.560 — 8.738) 


14 13 12 un 10 9 8 


0.228-0.244 0.150--0.187 
(5.791 6.197) (3. 810—3.968) 
Ws 4 5 6 7 
0.010-0.020 45. 0.053 -0.069 
[e200 * (1.346 —1.752) 
0.008 —0.010 
(6-203 -0.254) 


0° —B8° TYP 0.016 -0.050 


(0.406 -- 1.270) 


It 08 
ag oF - prve 

«pe AY 

+40 D DAM oi in 


AN ace : 


16 Lead Small Outline 


or ag 


(9.804 — 10.008) 
16 15 14 13 12 11 10 9 


0.228—0.244 0.150—0.157 
(6.791—6.197) (3.810 — 3.988) 


0.053 ~0.069 


0.010—0.020 x45? W346 =1 752) 
(0.254 —0.508} : 7 0.004—0.010 
Ammen tee (0.101 —0.254) 
0° —8° TYP 0.016 —0.050 
{0.406 — 1.270) 0.014—0.019 
(0.355—0.483) 
NOTES: 
1. PKG MATERIAL: PLASTIC 
2. LEAD MATERIAL: A-42, TIN PLATED 816188 


LY Wie 14-17 


PACKAGE DIMENSIONS 


SOL Package 
16 Lead Small Outline (Wide) 


0.398 ~0.413 
(10.109 — 10.490) 
16 15 14 13 12 11 10 


0.394--0.419 
{10.007 — 10.643} 


0.291 —0.299 


(7.391 — 7.595) 0.093 0.104 
9.005 (2.302 --2.882) 0.037 —0.045 
(0.127) 0,010-0.029 | 456 (0.940 1.143) 
RAD MIN (0.254—0.737) 
\ 0°—8° TYP 


TCH ON TOP AND CAVITIES 

OF PACKAGE ARE THE 
URING OPTIONS. THE PART 

YY BE SUPPLIED WITH OR WITHOUT 


0.009 0.013 
(0.229 —0.330) SEE NOTE 


Sea ; ANY OF THE OPTIONS. 
406—1. 
) < iN af A 816(W)188 
cr e Vv isE SOL Package 
e \2 18 Lead Small Outline (Wide) 
oF debi 
(1.354 11.760) 
6 15 14 13 12 11 10 
i 
LH 
0,394—0.419 
SEE NOTE (10.007 — 10.643) 
0.291 0.299 
(7.391 — 7.595) 0.093 ~0.104_ 
0.005 (esee eae) 0.037 —0.045 
(0.127) -0.010-0.029 4s {0.940 1.143) 
RAD MIN (0.254 —0.737) 
0° —g° TYP 
i NOTE: 
0,009 0.013 pd ie 0.004—0.012 PIN 1 IDENT, NOTCH ON TOP AND CAVITIES 
(0.229 0.330) SEE NOTE (1.270) (0102—0.305) ON THE BOTTOM OF PACKAGE ARE THE 
owe Sedene MANUFACTURING OPTIONS. THE PART 
0.016 0.050 0.014 = 0.019 MAY BE SUPPLIED WITH OR WITHOUT 
(0.356 — 0.482) ANY OF THE OPTIONS. 


(0.406 — 1.270) 518188 


14-18 LY ee 


PACKAGE DIMENSIONS 


SOL Package 
20 Lead Small Outline (Wide) 


0.496—0.512 
(12,598 — 33.005) 
20 19 18 17 16 15 14 13 12 11 
nmoag 


0,394 -0.419 
{10.007 — 10.643} 


0.291 ~0.299 
(7.391 ~ 7.595} 


(2.362 — 2.642) 0.037 -0.045 


0.005 0.037 — 0.045 
(0.127) 0.010 0.029 gro (0.940 1.143) 
RAD MIN (0.254—0.737) 


O° ~8° TYP 


ent> 


: WE: 
0.009-0,013 0.056 OTCH ON TOP AND CAVITIES 
395 270} OF PACKAGE ARE THE 
aso mipsel pu (0.108 pt URING OPTIONS. THE PART 
0.016 --0.050 Y BE SUPPLIED WITH OR WITHOUT 
(0.406— 1.270) ANY OF THE OPTIONS. 


yor... 
o oath 
pore y poB inns Outline (Wide) 


9.600 —0.615 
(15.240 ~ 15.621) 
20 19 18 17 16 15 14 13 
L] HUA a 


SEE NOTE 0.394—9.419 
(10.007-10.643} 
or 
Hoods 
0.291 —0. 299 = 5 6 7 8 9 10 tt 4 
0.093 ~0.104 
2.005, BANE Hea) 0.037 ~0.045 
(0-127) 0.010-0.029 4, 9.037 0.045 NOTE: 
RAD MIN (0.254—0.7a7) **9 0-840—1.143) an 1 IDENT. NOTCH oF 
ON THE BOTTOM OF 
0° 8° TP MANUFACTURING OF 
Wi MAY BE SUPPLIED V 
as ANY OF THE OPTIO 
0.009--0.013 exo | L_ | 0.004—0.012 
(0.228~0.330) SEE NOTE aan Ku Sabet 
; {0.102 —-0.308) 
0.016 0.050 0.014-~0.019 
(0.406— 7.279) (0.356 0.482} 


S2e7ag f 


PACKAGE DIMENSIONS 


SOL Package 
28 Lead Small Outline (Wide) 


0.700~0.715 


(17.780 ~ 18.181) 


0,291 - 0.293 


{7.391 7.595) 0.0930. 104 
0. (2.362 —2.642) deta 
(0.12 9.010-0.029 450 a a) 
RAD M 10.254—0.737) 
oe ~8° TYP 
0,003 ~0.013 | 0.050 


poco 
{0.229 0.330} 


ti.270 
SEE NOTE ie 
eis Soa 0.914-0.019 
{0.406 1.270) 


{0.356 ~0.482) 


aera cvisk 


0.620 —0.640 0.380 —0.200 


————— 45° TYP 
{15.748 — 16.256) {4.572 ~ 5.080} 


15° TYP a 
9,860 --0.880 
(21.844 22.352) 0.160 ~0.180 
(2066 ~ 4572) 
0.080 --0.070 
(£524~ 1.778) 
ont 


a 


0.780 ~0.820 
{39.812 ~ 20.828) 


0.970-0.090 
(1-778 —2.286) 
0,025 0,036 
0.330~0.130 (0.635 0,889) 
> | er 
0.200 
5.080} 
BSC 


P9188 


0.394-0.419 
{10.007 — 10.643} 


i TOP AND CAVITIES 
OF PACKAGE ARE THE 

‘URING OPTIONS, THE PART 

¥ BE SUPPLIED WITH OR WITHOUT 


0.190-0.210 
{4.826 ~ 5.334) 


T Package 
3-Lead T0-220 
0.390 - 0.410 
0.110 + 0.010 a 
@79620.285) ree m9) 
0.147-0.151 
{3.734 —3.835) 
DIA 
4 10.570 0.610_ 
(14.478— 15.494) 
0.355 — 0.370 


(9.017 —9.398) 


t 


4.020 + 0.015 0.150 
(25.908 + 0.381) {3.810) 
0.540 + 0.040 


(3718x7016) 


0.032 + 0.005 
(0.819 40.127) 


o. 8.100 49.010 010 
(2.5402 0.254) 


0.013— 
{0.330 — 


PACKAGE DIMENSIONS 


0.170 —0.180 
(4.318 — 4.572) 


0.045 ~ 0.055 
(1.143— 1.397) 
0.260 0.020 
(6.350 4 0.508) 


0.025 
9.635) 


cre™ ce - ca 
e 420 
oF F652 — 10.608) _0.169—-0.185_ 
e —0.270 0.139 ~0.153 0.079 = 0.135 __ Lee. _0.035—0.055 _ 
(5.969 ~6.858) 85815 3.888)/7 (2.007 —3.429) i “(0.889 — 1.397) 


: 


0.580 —0.650 
(14.224 — 16.510) 


0.057 —0.077 
(1.448 — 1.956) 


tet a 


0.028 —0.035 
(0.711 —0.889) 


_0.015—~0.025 _ 
“(0.381 0.635) | 


“(2.007 = 2.921) “007 2. 821) 


758/269 


Vague 


14-21 


PACKAGE DIMENSIONS 


T Package 
5 Lead TO-220 


9.390 --0.410 
(9.906 — 10.41) 0.170 —0.180 


0.100 -0.120 (4.318 —4. (4.318 — 4.572) 
0.570~0.610 0.147 -0.151 (2.540 — 3.048) 0.045 -- 0.055, 
(14.48 ~ 15.49) (3.734 — 3.835) (1.143 -— (1.143 = 1.397) 


(fae 


0.460 — 0.500 
(11.68 — 12.70) 


0.620, 0.740 
(15.75) 8.03) 


0.880 —0.910 


{22.35 - 23.11) 
0.970 -- 1.050 
0.355 ~- 0.370 (24.64 — 26.67) 


(9.017 —9.398) 


0,062-0.072 C 

(1-574—1.829) 

( ) 0,030 0.040 02 
(0.762 — 1.016) 635) 

m1 70 —0.185 


(4.318 — 4,699) 


T5188 


Peni : 


¢O 0.772 ~0.795 


0.146 —0.152 


siete (19.61 —20.19) 73.708—3.861) 
(1.905 —2.591) 01040414 9.187 0.197. 
eee ieee (3-988 5:00) sl 0,057 —0.063_ 
1,905 — 2.591 <_————— 
( ) (1.245) He (4481-600) 
A A 
0.680 —0.700 f 
(17,27 —17.78) 0.685 —0.713, 
A 0.080. (17.40—18.11) 
(2.032) 0.039 
ay 5° 5° (0.991) 
0.843 —0.874 TyP TYP typ 


RE (21.41 =22.20) a: d ies t 
muna 0.846 -0.878 ry 


Ve M040 ~ 010 [ 
(2.032) 31,49 —22.30 
DIA TYP 0.008 
’ (0.203) 
RAD 
0.089 —0.104 
0.062 0.072 | | as 0.035 —0.037 Lag 0-089 = 0.104 
(1.875 -1.829) | || {889 —0.940) 0.019 0.022 He Ao. 261 5. 2.642) 
{0.483 — 0.559) 0.161 -0.177 
0.664 — 0.674 0.185 —0.209 | (4.089 —4.496) 
(16.87 —17.12) 0.185 0.209. 
(4.699 —5.309) 


v11889 


14-22 LY Whe 


PACKAGE DIMENSIONS 


W Package 
10 Lead Flatpack (Cerpak) 
0.2901 
0.003 —0.0062 avou 
(0.076 —0.152) —| . 0,010~0.0192 9.005 
—— — 0.127) 
(0.254—0.483) f= | ( 
MIN 
0.250 —0.370 
(6.350 —9.398) 
0.240—0,260 
DETAIL A (6.096 — 6.604) 
v 
“el 0.005 * 
sa 0.250 0.370 
L. 0.008 —0.015 (6.390 --2.9%) 
(0.203 —0.381) 
0.026-0.045. 
(0.660 — 1.143) 


0.060 + 0.005 
(1.524 +0.127) 
DIA 


zm Dy o 


oe Nb FOR OF 
a f “2ED 


0.180 + 0.005 

(4.572 + 0.127) 
0.090 
(2.286) 


er Go 


A. AND GLASS OVERRUN. 
44 FINISH A IS APPLIED 


Z Package 
3Lead T0-92 


0.180 0.005, } 
(4.572£0.127) |, 
SEATING 4 
PLANE 
5° 
0.00 0.050 
1270) NOM 
(12.70) i270) 
MIN ia 
{ UNCONTROLLED 
LEAD DiA 
0.020 + 0.003 
il (0.508 + 0.076) _ & 0.01540,002 
0.016 + 0.003 (0.381 40.051) 
(0.406 20.076) 
0,050 «0.005 
(1.270 .£0.127) 
0.060 40,010 


a 
10°NOM 


{1.524 + 0.254) 


I] 


0.140 + 0.005 
(3.556 40.127) 
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TECHNOLOGY 


Quality and Reliability Assurance Programs 


Linear Technology Corporation has a wide ranging program 
integrating vendor participation, design engineering, and 
manufacturing to produce the most reliable and highest 
quality linear integrated circuits available on the market. 
Our modern manufacturing facility in Milpitas, California is 
DESC Class S and Class B line certified and we have suc- 
cessfully completed over 70 major OEM quality system sur- 
veys to MIL-Q-9858 and MIL-I-45208 including achieving 
several major customer quality awards. Our Quality and Re- 
liability Assurance Programs are summarized below: 


¢ Wafer Fabrication—A modern class 100 area, modular 
Clean room construction with full environmental moni- 
tors. Emphasis is placed on statistical quality control, CV 
plots, SEM monitors and on our proprietary dual layer 
passivation system. 


Assembly & End of Line—incoming inspection of all 
materials and piece-parts, line surveillance and process 
control monitors. 


Testing—Incoming inspection and acceptance of all off- 
shore lots prior to release to test. Ultra modern LTX 
testers, multipass testing with closed loop binning to re- 
duce outgoing electrical defective levels. Many “beyond 
data sheet” tests and full temperature QA lot buy-offs are 
performed as standard processing. 


Traceability—A backside or side mark is placed on all 
units, where space permits, to give information on a unit- 
by-unit basis tracing back to the wafer fab lot, assembly, 
end of line (¢.0.1.) and test lots. We consider traceability 
to be essential for good engineering contro! and addi- 
tional insurance for our customers. The information pro- 
vided exceeds the seal week traceability control required 
by MIL-STD-883. 


ESD (Electro Static Discharge)—A full program is in 
place from design through manufacturing. Products are 
fully characterized to MIL-STD-883C (Method 3015) and 
strict controls on handling and packaging are observed. 


nt } \R INTRODUCTION 


Training and Certification—Operator training has been 
established for all operations and certification is per- 
formed on a6 monthly basis. 


Major Change Control—Major change controls are in 
place to notify our customers in accordance with MIL-M- 
38510, LTC internal specifications, or specific customer 
specifications as required. 


Quality Assurance—Full monitoring and reporting of 
quality data with emphasis on statistical process control 
charts. Refer to our Quality Assurance Program. 


Failure Analysis and Reporting—A formal program ex- 
ists to record, analyze and take appropriate corrective ac- 
tion on all returns. A report is generated and sent to the 
customer stating our findings and action. 


Reliability Flows—Linear Technology reliability flows in- 
clude Class $ and Class B JAN-38510, Standard Military 
Drawings (SMD), DESC Drawings, 883 (to the new Rev. C) 
R-Flow, and Hi-Rel (Source Controlled Drawings). In addi- 
tion, specialized processing such as SEM, PIND and 
other tests can be performed as required. 


Reliability Monitor—LTC has a unique reliability struc- 
ture built into each wafer that is used to obtain rapid 
feedback on reliability. This data is obtained in less than 
1 week, versus 40 weeks for a typical reliability audit. See 
the LTC Reliability Program for more details. 


Reliability Audit—Data is gathered on a monthly basis 
for selected package/product combinations. This data is 
summarized each quarter and published in a Data Pak 
showing Operating Life, 85/85, Autoclave, Temperature 
Cycle, Thermal Shock, 883 Group C, and 883 Group D 
summary data. Copies of Data Pak summaries are avail- 
able by writing or calling Linear Technology, 1630 Mc- 
Carthy Blvd., Milpitas, CA 95035, (408) 942-0810. 
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Introduction 


In the early 1960's the study of reliability was mainly the 
province of mathematicians and statisticians. In the late 
1960's and throughout the 1970’s it was realized that an 
understanding of the physical phenomena was necessary 
to identify the various failure mechanisms and consider- 
able progress was made in this area. Sophisticated 
diagnostic techniques were devised and this knowledge 
complemented the earlier theoretical work to form a very 
sound foundation. 


At Linear Technology Corporation we have a firm appre- 
ciation for the impact of Reliability on our products and 
we have made every effort to integrate this knowledge into 
our device designs and manufacturing processes. We be- 
lieve that “LINEAR” should be “THE MOST RELIABLE 
COMPONENTS” and it is our intention to supply “TOMOR- 
ROW’S RELIABILITY—TODAY”! 


All areas that impact reliability have received consider- 
able attention and achieving our goal of “THE NUMBER 
ONE” Reliability Supplier of Analog Circuits has impacted 
the DESIGN, FABRICATION, PACKAGING AND TESTING 
of our products. 


“RELIABILITY” requires a total systems approach involv- 
ing all parties; from the raw material vendor, to the de- 
signer, to manufacturing. 


Cooperative Interface 


Design 


At the DESIGN stage the reliability of the circuit is heavily 
dependent on layout considerations. The thickness and 
width of the metallization has been defined to minimize 
the current density and avoid electromigration problems 
at elevated temperatures. The routing of the metal pattern 
is designed to eliminate potential inversion, or leakage 
failures and guard ring structures are used where appro- 
priate. The positions of the bonding pads are carefully 
selected to optimize device performance and also to fit 
easily into a variety of packages without creating potential 
bond loop problems that could result in shorted wires. In 
all of our voltage regulators, thermal limiting is included 
in the circuitry to shut down the device if the temperature 
exceeds a threshold value. Additional insurance is pro- 
vided by employing short circuit current protection to 
safeguard catastrophic failure. The philosophy of incor- 
porating fault tolerant designs with innovative circuit con- 
cepts is a fundamental design rule at Linear Technology 


5 Amp Positive Adjustable Regulator 
SAFE AREA 


Large Ballasted Power Transistor 
ensures equal current sharing. 


ISOLATING RESISTOR 


Prevents destruction from high transient 
current in ‘Adjust’ Pin. 


Were 
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Corporation. The design rules used by Linear Technology 
are conservative to avoid compromising reliability, and 
safe operation regions are chosen to prolong device life in 
the field. Input protection is provided and the ability of our 
devices to withstand transient voltage spikes is better 
than average. We focus on reducing lead count of our de- 
vice designs since there is generally a strong correlation 
between the number of leads in a package and the mean 
time between failures for a device. The thermal layout of 
our Circuits is also a major consideration to minimize 
parameter drift and optimize performance. The designs at 
Linear Technology Corporation cover a diverse technolog- 
ical base ranging from Bipolar to CMOS. In the case of 
CMOS, design techniques are used to minimize SCR and 
latch-up phenomena. Many integrated circuit designs are 
susceptible to electrostatic discharge effects (ESD) and 
electrical overstress (EOS) with generally catastrophic re- 
sults. in the designs at Linear Technology Corporation, 
care is taken to ensure that a high degree of protection is 
built into our products to minimize this effect. 


Diverse Range of Processes 


1. Super Beta Structure 
2. Bi-fet Structure 
3. Silicon Gate CMOS Structure 


Prior to release, new devices are thorougly characterized 
and subjected to rigorous mechanical and electrical 
stress testing to exercise all facets of the design, process, 
and package combination. Linear Technology Corporation 
has an active in-house ESD (Electrostatic Discharge) pro- 
gram to prevent yield loss and the potential weakening on 
devices. 


Water Fabrication 


In the WAFER FABRICATION area the key to a reliable 
process is consistency and repeatability. Linear Technol- 
ogy has a brand new ultramodern wafer fabrication facility 
and wafer handling has been kept to a minimum. Cassette 
to cassette transfer is used extensively and proximity 
mode aligners are utilized in masking to significantly re- 
duce photomasking defects. Microprocessor controlled 
furnaces are used to eliminate the impact of operator 
error. 


Cassette to Cassette Transfer 


Canon Proximity Aligner 
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Stringent incoming inspection checks are made on the 
raw silicon wafers and masks used in the process. Envi- 
ronmental monitoring of the gases, clean air, particle 
count, deionized water, and furnace temperature and 
flows are done on a routine basis to avoid any sudden 
changes that could impact device reliability. 


Quality Control checks at various points in the process en- 
Sure consistency and control charting is used extensively 
throughout the fabrication area. The quality of the oxide is 
checked regularly using C-V plots to check for contamina- 
tion and surface state anomolies and processes are not 
operational until minimum requirements are met. Each 
wafer contains diagnostic structures in addition to the de- 
vice structures and these test vehicles are used to inves- 
tigate and detect potential yield and reliability hazards in 
advance. Scanning electron microscope pictures are 
taken periodically to check the integrity of the metalliza- 
tion system. Emphasis is given to the early detection of 
Step coverage or misalignment problems. A proprietary 
passivation system has been developed that will enable 


Microprocessor Controlled Furnaces 


Control Chart 
X CHART 


our die to operate in a variety of plastic packages and the 
nature of this unique multilayer system will make the die 
virtually impervious to the packaging medium. 


The strategy of Linear Technology in developing its proc- 
ess is to make the chip as impervious as possible to mois- 
ture and ionic contaminants. This approach assures 
reliable operation even in marginal environments. The Lin- 
ear Technology process offers several layers of protec- 
tion. 1) Extensive CV monitoring of all diffusion tubes and 
deposition systems assure underlying oxides with low 
levels of positive ionic contamination. Phosphorous get- 
tering ties up these ions in an inactive state. 2) A propri- 
etary deposited oxide gives conformal coverage of metal 
and oxide steps, and is free of cracks. 3) A plasma nitride 
overcoat protects the die from external ionic contamina- 
tion during handling, testing and assembly. The dual ni- 
tride/oxide layer is completely free of cracks and pinholes 
which enhance corrosion protection against moisture 
contamination. 


Passivation Process 


OXID 
SILICON 


1. Contamination Free Passivation 
Oxide 


2. Conformal Oxide Underlayer 
3. Plasma Nitride Top Layer 
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Packaging 


The impact of new equipment, techniques and materials 
have had a tremendous impact on device reliability. In the 
area of wafer scribing, sawing of the wafers has de- 
creased device chipping and cracking significantly. The 
handling of dice at second optical inspection and die at- 
tach is now mainly automated, removing the need to use 
tweezers and the resultant damage due to this operation. 
Automated lead bonding machines have produced tremen- 
dous gains in productivity but as importantly more consis- 
tent lead bonds have resulted from this new innovation. 
Die attach materials have improved and modern low tem- 
perature glass ceramic seals have dramatically increased 
product reliability. At Linear Technology we are using the 
latest state-of-the-art assembly equipment and materials. 
Our epoxy material has the lowest sodium and chlorine 
content of any molding compound available and the data 
on operating life, power cycling and pressure pot is out- 
standing. Composibility between the different package 
elements, such as the molding compound and lead frame, 


Wafer Saw 
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are carefully researched and selected particularly on our 
surface mount packages to achieve the highest reliability 
after board soldering. All materials are inspected to better 
than industry standards prior to use and strict QC checks 
are performed on-line to assure control and conformance 
to specifications. At LTC traceability to a fabrication lot is 
considered to be of primary importance. On all packages 
where space allows a side mark or a backside mark is 
used to give this key information. We are able to track the 
country of origin, assembly location, die type, wafer fab 
lot, exact seal date and also identify non standard 
processing if required on a special flow. This unique bene- 
fit is offered as a standard feature at no additional cost 
and adds immensely to the level of control and traceability 
on Linear Technology products. 


Mil-Standard 883 Method 2010 Condition B or equivalent 
visual criteria are applied to all Linear Technology prod- 
ucts and a thorough inspection of all lots received from 
our assembly operations in Southeast Asia is performed 
prior to testing. A system of effective and rapid commu- 
nications exist between our operation in Milpitas, Califor- 
nia and Southeast Asia to analyze and correct any 
assembly or process related problems before the product 
is shipped to the customer. Precautions are taken 
throughout the assembly process to minimize the impact 
of ESD (Electrostatic Discharge) on our devices. 


Side/Backside Mark on Unit 
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Test 


The testing of analog circuits is a science in its own right 
and requires very special technical skills to overcome the 
challenges that are presented. At Linear Technology we 
have invested in the very latest “state-of-the-art” com- 
puter controlled testers and our device designs exercise 
the limits of these excellent testers. All Military 883 prod- 
ucts receive a 150°C or a 125°C burn-in prior to test and 
full temperature testing is performed. Regulator products 
are put on “rack burn-in” and the devices are exercised in 
the thermal shutdown mode prior to testing. This pretest 
burn-in contributes to the removal of infant mortality fail- 
ures and enhances product reliability. Other tests check 
the thermal regulation and verify the integrity of the die at- 
tach as the presence of voids under the die for a regulator 
affects device performance adversely. Often, tests addi- 
tional to the data sheet tests are added to a test flow to de- 
tect potential flaws that could impact reliability. 


LTX/LINEAR Tester with Environmental Handler 


At Linear Technology we believe that the thorough and 
complete testing of our components is an essential ele- 
ment in our plan to provide ‘premier’ reliable products. 
Precautions are taken throughout test to safeguard our 
devices from the insidious effects of ESD (Electrostatic 
Discharge). As an example, all chip capacitors are pre- 
Stressed with voltages (in excess of the device maximum 
voltage ratings) to induce failure in substandard lots. 


Rack ‘Burn-in’ of TO-3 Regulators 
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Reliability Flow 


Reliability failure rate can be broken out into three main 
categories: 1) Infant Mortality, 2) Freak Failures and 3) 
Long Term Failures. Short term burn-in screening as de- 
scribed in the previous section address the first cate- 
gory—infant mortality. The long term failures represent a 
significant number of hours in terms of the mean time be- 
tween failures and so the major area of concern is a suffi- 
cient pre-screen conditioning to eliminate the bulk of the 
infant mortality and freak failures. 


These early jife failures impact customer warranty costs 
and reputation severely and the replacement costs are 


Typical Representation of IC Lot Failure 
Rates at 50°C Operation 


FAILURE RATES (FITS) 
105 


10° «10° 10? 10° 10* 10° 10° 10’ 
OPERATING LIFE (HOURS) 


1. Infant mortality population which could be 
0.5% of the lot. {ts mean life could be as low as 
50 hrs. 

2. The freak population could represent up to 5% 
of the lot. Its mean life could be 5 yrs. 

3. Main population whose mean life could be 
hundreds of years. 

4. The dramatic impact on total lot reliability that 
is achieved by weeding out early failures via 
100% burn-in. 


clearly several orders of magnitude greater than the initial 
component costs. The Linear Technology 883 program ad- 
dresses this requirement and offers a cost effective in- 
house flow. The flow is defined in our MIL-STD 883 
brochure and the essential elements of the program in- 
clude visual inspection at second and third optical inspec- 
tion to Condition B (Mil-Standard 883, Method 2010, 
temperature cycling from - 65°C to 150°C, constant ac- 
celeration, fine and gross leak, followed by a 125°C burn- 
in for 160 hours or equivalent. Assuming an active energy 
of 1.0ev, this burn-in is equivalent to 80,000 hours or ap- 
proximately 9 years at a normal operating temperature of 
around 55°C. 


Failure Rate vs Time—LT07H 


36. 
Equivalent adn In Temp. 125°C 
_ -30- teas 
2. 
2 34 
5 im Actual/Points 
a .20 4 Fits at 55°C. 
x 
@ 15 
« 
2 -10 5 2 Fits at 58°C 
5 
of 0 ———.0.5 Fits 
rn) s at 55°C 


1v. 2 Yrs. 3¥rs. 4 Yrs. 5 Yrs. 
tt) 10 20 ci 40 


No. of Hours (K) at 125°C 
2280 Yrs. at 55°C 


Operating Life Drift Data 


150°C - 1047 Hrs. L707 (145 Devices} 


No. of Devices 


o 20 
Offset Voltage Drift — Microvolts 
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Wafer Fab Reliability Audit 


As an additional reliability control, Linear Technology has 
innovated a periodic reliability audit of the wafer fab proc- 
ess, using a specifically designed reliability structure 
which is stepped into all wafers. 


This structure is optimized to accelerate, under tempera- 
ture and bias, the two most common failure mechanisms 
in linear circuits, namely mobile positive ions and surface 
charged-induced inversions. The three-terminal structure 
is scribed from a run and assembled in a hermetic pack- 
age. These devices are burned-in for a predetermined tem- 
perature and time. The same structure becomes sensitive 
to either failure mechanism depending upon the bias 
scheme used during burn-in. A limit is defined for the leak- 
age current change during burn-in; a failure indicates a 


RELIABILITY ASSURANCE 
PROGRAM 


wafer fab problem which will be addressed by the process 
engineering group. The use of a test pattern allows any de- 
vice to be monitored and also gives faster unambiguous 
feedback than is normally achieved by performing reliabil- 
ity testing on assembled product. Reliability data is 
generated in less than one week giving immediate feed- 
back on device reliability. The standard industry monitor: 
ing schemes typically take a minimum of 22 weeks to 
obtain this feedback and it is not uncommon for the cycle 
time to be up to 40 weeks before fab is alerted of a 
problem. 


Linear Technology utilizes this new control technique in 
addition to the conventional reliability audit on randomly 
pulled finished product. 


Process Reliability Monitor 


STANDARD INDUSTRY RELIABILITY AUDIT 
FI FO Probed 
WIP 


Offshore Test 
Assembly WIP 


22 Weeks 
Feedback 


Audit 
Product 


ACCELERATED FAB RELIABILITY AUDIT 
In-House 
FAB Assembly Test 


1 Week 
Feedback 


Audit Test 
Pattern 


FIELD CHANNEL MONITOR 


Parasitic | 
Gate 


SODIUM MONITOR 
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Conclusion 


At Linear Technology Corporation we are addressing relia- 
bility and quality with the same priority to produce the 
best possible product in the analog world. We believe that 
the combination of our extensive design skills, and excit- 
ing innovations in the wafer fabrication process, coupled 
with the most modern assembly techniques, has produced 
the “MOST RELIABLE” linear products available in the 
market today. Our standard product flows include thermal 


Reliability Test Structure 


limit rack burn-in (for all regulators) and 150°C or 125°C 
burn-in for Military 883 products to significantly reduce 
the infant mortality failures. In addition, our 883 flow is de- 
signed to further enhance product reliability. We fully 
realize that the cost of failure in the field is many orders of 
magnitude more than the initial component cost. By pur- 
chasing Linear Technology Corporation’s products, worth- 
while insurance can be gained. 


LT07H—Mean Time Between Failures 
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At Linear Technology Corporation our overriding commit- 
ment is to achieve Excellence in Quality, Reliability and Ser- 
vice (QRS) and total customer satisfaction. We interpret the 
word “excellence” to mean delivering products that consis- 
tently exceed all the requirements and expectations of our 
customers. The commitment to QRS extends from the Pres- 
ident to every employee, from design to product qualifica- 
tion, and from manufacturing to shipping. To meet this 
commitment, Linear Technology has established a compre- 
hensive program called “Quality for the Nineties.” 


This program is divided into four separate, but highly in- 
terrelated programs, namely Quality Environment, Total 
Quality Control (TQC), Vendor Participation, and Focus for 
the Nineties. 


Quality Environment 


This first program, Quality Environment, serves as the build- 
ing block for three other programs. It entails establishing an 
environment that is conducive to the participation of each 
and every employee in helping to build quality into our prod- 
ucts. This program encourages every employee to identify 
any quality problem and participate in recommending 
solutions. 


Quality for the ’90’s 


A comprehensive operator training and certification pro- 
gram has been established that covers every area of man- 
ufacturing from incoming raw material inspection, wafer 
fabrication, assembly, and test to shipping. Emphasis is 
placed on compliance with specifications, performance to 
quality goals, electrostatic discharge damage (ESD) aware- 
ness and controls, encouraging operators to think quality 
and recommend quality improvement ideas. 


To ensure compliance with specifications, a Quality Audit 
Team performs a systems audit of key manufacturing areas 
and suppliers at periodic intervals. Compliance with 
process specifications and the detailed programs of the 
Corporate Quality Assurance Policy are verified, and dis- 
crepancies reported for quick resolution with special em- 
phasis to eliminate recurring problems. The performance of 
each area is then rated, providing a strong incentive for 
each area to excel. 


With the philosophy that each department, starting from 
incoming raw materials, is considered a customer of the 
preceding department, every effort is made by working 
closely together to meet or exceed our end-customer re- 
quirements and goals. 


Systems Quality Audit-Tracking Recurring Problems 


NUMBER OF RECURRING PROBLEMS 
aN 


¢ 8 9 106 1f 12 


123 4 5 6 
PERIOD 
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Total Quality Control (TQC) 


The second program starts with the incorporation of innova- 
tive, but conservative, design and layout rules to achieve 
the best performance without sacrificing quality and relia- 
bility. During the design and development cycle, Design, 
Product, Package, Manufacturing, Quality and Reliabilty 
Engineering groups participate in design reviews to ensure 
that all program aspects are covered; ranging from product 
performance objectives to ensuring reproducibility and re- 
peatability in wafer fabrication and assembly. Special em- 
phasis. is placed on devising input protection circuitry to 
minimize susceptibility to voltage spikes and ESD, optimiz- 
ing thermal layout to minimize parametric drift, and 
optimizing bond pad layout to maximize assembly and elec- 
trical test yields, at the same time allowing the die to be 
assembled in a wide selection of packages. 


Once the design is approved, a stringent manufacturing 
qualification test plan is conducted on the initial engineer- 
ing runs. The test plan is selected to bring out any weak- 
nesses in the design and any manufacturability problems, 
and includes reliability stress tests such as high tempera- 
ture operational life and high temperature humidity bias 
85°C/85% RH for plastic packages, and MIL-STD-883C 


Raw Material Controls 


VENDOR QUALIFICATION- 
MINIMUM 3 MANUFACTURING LOTS 
QUALIFIED VENDOR LIST- 
ADDITION OF NEWLY QUALIFIED VENDOR TO LIST 


STRINGENT INCOMING INSPECTION ON EVERY LOT: 
© DIMENSIONAL 

@ VISUAL EXAMINATION 

¢ FUNCTIONAL TESTING TO SIMULATE ACTUAL 


MANUFACTURING CONDITIONS 
© PLATING THICKNESS MEASUREMENTS 
© COMPOSITIONAL ANALYSIS 
© CHEMICAL ANALYSIS FOR CONTAMINANTS 
© SPC ON CRITICAL PARAMETERS 


ACCEPT-RELEASE TO REJECT-VENDOR 
RAW MATERIAL STORES CORRECTIVE ACTION 


VENDOR PERFORMANCE TRACKING- 
TO DETERMINE VENDOR QUALIFICATION/ 
DISQUALIFICATION STATUS 


method 5005 qualification testing for hermetic packages. 
Product performance on these tests must be equal to or bet- 
ter than similar products within the same generic group to 
be considered qualified. Major design, package, material 
and process changes are also subjected to these same 
stringent qualification requirements. In addition to achiev- 
ing the required reliability performance, an engineering 
change must also achieve manufacturing yield and quality 
performance levels equal to or better than the original prod- 
uct to be considered qualified. 


In manufacturing, process controls start with vendor quali- 
fication on raw material piece parts. A Qualified Vendor List 
is maintained and performance of each vendor is continu- 
ously monitored on a Vendor Rating Program. A dimen- 
sional, visual, functional and, where applicable, composi- 
tional analysis is performed on each direct raw material lot. 
Automated state-of-the-art wafer fabrication, assembly and 
test equipment, cassette-to-cassette handling in wafer fab- 
fication and automated handling in assembly are utilized, 
where possible, to maintain manufacturing consistency 
and quality. Only fully trained and certified operators are al- 
lowed to work on production material. 


SEM Monitor of Metallization Quality 
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Stringent process controls, typically beyond industry stand- 
ards, are established for each critical manufacturing step in 
wafer fabrication, wafer test, assembly, package finishing, 
mark and pack and shipping as depicted in the Quality Con- 
trol Flow Diagram. The process controls include monitors of 
critical assembly processes at a minimum frequency of four 
times per shift, and lot acceptance inspection for operations 
requiring 100% production inspection. Initial die inspection 
and preseal visual inspection are performed per MIL-STD-883 
Method 2010 Test Condition B. Statistical quality control 
techniques are employed in optimizing process parameters, 
and monitoring process performance through the use of con- 
trol charts with action limits and upper and lower contro! lim- 
its, and in parametric distribution analysis at electrical test. 


Electrical quality is guaranteed by conservative guard- 
banding on production test programs of a minimum of three 
machine guardbands, by using state-of-the-art test equip- 
ment and 0.04% AQL for lot acceptance testing at 25°C for all 
military and commercial lots. Additional tests, like rack burn- 
in, beyond the data sheet specifications on regulator prod- 
ucts are performed by exercising the parts in a thermal 
shutdown mode. These tests are incorporated into the test 
flow to improve reliability and weed out infant mortality fail- 
ures. Visual and mechanical quality is optimized by minimiz- 
ing handling of parts in assembly, test and end of line 
operations. Lead finish processes have been selected that 
mimimize solderability problems and all lots are subjected to 


X and R Control Chart for One Variable 


a stringent major visualimechanical inspection. Administra- 
tive errors due to mixed and wrong parts are minimized by 
strictly adhering to a one lot per station policy, and double 
checking orders at order entry and shipping. Before shipment 
of a lot to the customer each lot is inspected to ensure that it 
meets internal and customer specifications and purchase or- 
der requirements. The level of attention paid to each unit is 
demonstrated by the fact that each unit is traceable to the 
wafer fabrication lot number via a side or back mark on both 
883 and commercial products on all packages, except where 
there is a physical constraint. 


Through the use of automated equipment, strict process 
controls (utilizing proven statistical quality control tech- 
niques), periodic systems and quality audits (conducted by 
the Quality Audit Team), stringent facilities and environ- 
mental controls and monitors, Linear Technology is able to 
ensure quality is built into the product and to guarantee a 
consistently high quality level. 


The manufacturing quality controls are complimented by a 
reliability audit program designed to weed out design, fab- 
rication, packaging and assembly deficiencies. Addition- 
ally, controls are supported by a comprehensive failure 
analysis and corrective action program designed to provide 
timely feedback of findings to all operating groups for reso- 
lution. The analysis of customer returns, and corrective ac- 
tion taken, completes the closed loop of our Total Quality 
Control program. 


Military and Commercial Products Share 
the Same Stringent Inspections and Controls 


WAFER FABRICATION PROCESS CONTROLS & CLASS 100 PROCESSING. 
REGULAR SEM MONITORS. 

DICE INSPECTION PER MIL-STD-883C METHOD. 2010 TEST CONDITION B. 
PRE-SEAL VISUAL INSPECTION PER MIL-STD-883C METHOD 2010. TEST 
CONDITION B. 

DIE SHEAR TEST PER MIL-STD-883C METHOD 2019. 

BOND PULL TEST PER MIL-STD-883C METHOD 2011. 

SOLDERABILITY TEST PER MiL-STD-883C METHOD 2003. 

MARK PERMANENCY TEST PER MIL-STD-883C METHOD 2015. 
HERMETICITY TESTING PER MiL-STD-883C METHOD 1014. 

QA ELECTRICAL TEST TO 0.04% AQL AT 25°C, AND TEMPERATURE TESTING. 
EXTERNAL VISUAL PER MIL-STD-883C METHOD 2009. 
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Bond Strength Histogram 
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Failure Analysis Photomicrographs 
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Vendor Participation 


The requirements of high quality raw materials for inte- 
grated circuit manufacture range from ppb (parts per billion) 
impurity levels for electronic grade chemicals to ppm (parts 
per million) defective levels for lead frame packaging 
materials. It is not only essential, but critical for the semi- 
conductor manufacturer to work closely with their vendors 
to attain the high quality levels needed in raw materials. At 
Linear Technology, a program has been established and im- 
plemented to allow vendor participation in formulating 
specifications and establishing percentage defective and 
lot rejection rate goals. This vendor participation ensures 
that the direct and raw material quality levels received are 
consistent with our manufacturing and end-product quality 
goals. Clearly, achieving optimum quality product requires 
the use of the best possible materials available and with 
continuous communication and feedback from our vendors 
to improve in this key area. 


Focus For the 90’s 


The following key quality improvements programs have 
been established to meet the quality requirements of the 
90's. 


PPM Goals 


As demand for quality semiconductor components be- 
comes increasingly more stringent, the percentage goals 
from the 1970’s have given way to ppm goals in the 1980's. 
At Linear Technology, ppm quality goals are established for 
every major operation, from incoming inspection to cus- 
tomer returns. Performance to goals is reviewed quarterly 
and, where goals are not met, quality improvement pro- 
grams are defined and implemented, Quality goals are 
updated and tightened on an annual basis, and quality pro- 
grams are redefined to achieve the new goals established. 
One of the early benefits of this program is demonstrated by 
the excellent average outgoing electrical quality (AOQ). 


Statistical Process Control (SPC) 


The increased reliance on automated manufacturing and 
test equipment underlines the need for strict process con- 
trol techniques. SPC is a valuable tool and, at Linear 
Technology, we realize the importance of these methods. 
Engineering analysis is performed regularly, using SPC 
techniques to establish the process capability. Control 
charts showing X and R points are tracked to ensure the 
process is within normal limits and action and shutdown 
limits are established for critical operations. The process 
capability of key processes are calculated using the Cpk 
capability index on an ongoing basis to ensure a program 
for continuous quality improvement. 


Xand R Control Chart for Two Variables 


LY WAR 
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ESD Control 


A comprehensive ESD control program has been estab- 
lished which encompasses design, handling, testing, stor- 
age, and final packaging for shipment. The program 
includes the use of grounded table tops, floor mats, wrist 
straps and heel straps, topical antistatic treatment of floor 
coverings, banning of static bearing materials from the 
manufacturing environment, ionizers, and use of conduc- 
tive or antistatic materials for handling and final packaging. 
Areas where ESD contro! must be enforced are designated 
as ESD Protected areas. ESD awareness training programs 
help to increase the operator's awareness for successful 
implementation of this program. Every effort is made to 
stamp out this silent chip killer. The benefits of this pro- 
gram are improved quality and reliability to the customer. 


Quality System Surveys MIL-Q-9858 and MIL-1-45208 Approval 


NUMBER OF MAJOR OEMs 
& 


84 85 86 87 88 | 89 
CALENDAR QUARTER (FOR CY1983-1989) 


Based on the foregoing quality programs, Linear 
Technology Corporation is positioned to con- 
tinuously improve our product quality and ex- 
ceed the demands of our customers in the 80’s 
and beyond. 


Customer Ship-To-Stock Program 


Linear Technology is working hand-in-hand with customers 
to supply consistently high quality-level products to help 
achieve a ship-to-stock program by eliminating the need to 
do an incoming inspection. We recognize the benefits to our 
customers of a ship-to-stock program, namely savings in 
the need to purchase and maintain incoming test equip- 
ment, savings in the need to maintain a safety stock in case 
of incoming lot rejections, and reduction in board failures 
and re-work costs because of higher component quality. 


Ship-To-Stock Program Flow 


100% INCOMING INSPECTION 


ESTABLISH PPM GOAL WITH CUSTOMER. 


CUSTOMER MEASURES AIQ 
IF (AVERAGE INCOMING QUALITY) 
FAILURE 
RATE IS 
EXCEEDED ELIMINATE 100% INCOMING INSPECTION AND 


START SHIP-TO-STOCK WHEN AlQ sPPM GOAL. 


LTC PROVIDES CUSTOMER WITH A0Q 
(AVERAGE OUTGOING QUALITY) DATA. 


CUSTOMER TRACKS BOARD/SUBSYSTEM/SYSTEM 
TEST DATA ON SHIP-TO-STOCK PARTS. 


CUSTOMER TO RETURN FAILED PARTS 
TO LTC FOR FAILURE ANALYSIS. 
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INCOMING RAW MATERIAL 


QC INCOMING 
INSPECTION 


Cj) LTC WAFER FABRICATION 


QA IN-PROCESS 
INSPECTION 


GA POST WAFER SGRT 
INSPECTION 


C) WAFER SAW/CLEAN 


QA WAFER SAW 
MONITOR 


100% DIE VISUAL 
INSPECTION 
(2nd OPTICAL) 


QA DIE VISUAL 
INSPECTION 


QA LEAD BOND 
MONITOR 


QA THERMAL TEST 
(TO-3 PACKAGE ONLY) 


100% PRESEAL (3rd OPTICAL) 
VISUAL INSPECTION 


QA PRESEAL VISUAL 
INSPECTION (3rd OPTICAL) 
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Quality Control Flow Diagram 


SILICON WAFERS 


MASK PLATES 
PIECE PARTS 
S TEMPERATURE CYCLE 

100% FINE/GROSS LEAK 
RESISTIVITY, (HERMETIC PACKAGES) 
OXIDE THICKNESS, 
METALLIZATION THICKNESS 
PINHOLE DENSITY, 


CO MEASUREMENT, ETC. 
100% ELECTRICAL TEST OF 
EVERY DIE 

C) SIDE/BOTTOM MARK 


INSPECT FOR FLOW, VISUAL 
QUALITY, BACKSIDE QUALITY, 
PROBE QUALITY, ETC. 


OUTGOING VISUAL/ 
MECHANICAL INSPECTION 
4x/SHIFT 
PER MIL-STD-883 LTC QA INCOMING 
METHOD 2010 INSPECTION 


VISUAL 4 x /SHIFT. 
DIE SHEAR TEST 2 x /SHIFT 


QA SOLDERABILITY 
TEST 
VISUAL 4 x /SHIFT 
BOND PULL TEST 2 x/SHIFT 
QA FINAL ELECTRICAL TEST 
CHECK FOR DIE ATTACH 
QUALITY 
PER MIL-STD-883 
METHOD 2010 QA POST PACK 
VISUAL/MECHANICAL 
INSPECTION 
QA SHIPBENCH 
INSPECTION 


SHIP 


VISUAL, 4 x /SHIFT 
FINE LEAK, 2 x /SHIFT 
GROSS LEAK, 2 x /SHIFT 
MOISTURE, 4 x /SHIFT 


PER MIL-STD-883 
METHOD 1010 
10 CYCLES 


PER MIL-STD-883 
METHOD 1014 


(OFFERS UNIT TRACEABILITY 
TO WAFER FAB LOT NUMBER 
KAO AAH 515XX 
K =ASSEMBLY PLANT CODE 

AO=DIE TYPE 
AAH =WAFER RUN NUMBER 
515=SEAL DATE CODE 

XX = SPECIAL CODES 


VISUAL/MECHANICAL 
FUNCTIONAL 

(INTERNAL VISUAL, DIE SHEAR, 
BOND PULL, SOLDERABILITY, 
ETC.) 


PER MIL-STD-833 
METHOD 2015 


PER MIL-STD-883 
METHOD 2003 


25°C AND TEMPERATURE 
EXTREMES 


INSPECT TO CUSTOMER 
P.O. REQUIREMENTS 
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Reliability has been a key focal point at Linear Technology 
Corporation since our inception in 1981. Our standard prod- 
uct reliability is monitored closely and we have generated 
an extensive reliability data base for both hermetic and 
plastic devices. This data is published on a quarterly basis 
and we are seeing very low reliability failure rates in the un- 
der 1 FIT range at 55°C, * 


*Note: 1 FIT =1 failure in 10° device hours. 


LIN R-FLOW 
TECHNOLOGY 


Linear Technology R-Flow 


In response to customer requests, we have added an even 
higher level of reliability screening for commercial hermetic 
and plastic components. LTC’s R-Flow adds an equivalent 
160 hours 125°C burn-in to the standard commercial pro- 
cess flow. Following burn-in, a 100% room temperature test 
is performed and a 10% PDA (Percent Defective Allowed) is 
applied. This PDA limit affords an additional level of insur- 


ance on a lot-by-lot basis and prevents the occasional dis- 
parate lot from being shipped for critical applications. The 
additional room temperature insertion also decreases the 


R-Flow for TO-5 and CERDIP Packages 


INCOMING QA 
(ONSHORE) 


1st 25°C TEST 
FULL PARA. AC/DC 


IN PROC. QA 
SOLDERABILITY 
TEST 


3 TEMP ELECT QA 
a°C, 25°C, 70°C 
0.04% AQL AT 25°C 


TEMP CYCLE 
10 CYCLES 
—65°C TO 150°C 


(N PROCESS OA 
FINE/GROSS LEAK 
SOLDER DIP (H-PKG)} 
OR 
TIN PLATE {u-PKG) 


QA GATE 


VISUAL & 
SOLDERABILITY TEST 


BURN-IN 
150°C FOR 30 HRS. 
(EQUIV. TO 160 HRS. 

@ 125°C FOR Ea=1eV) 


SOLDER DIP 
IF REQUIRED 


2nd 25°C TEST 
FULL PARA. AC/DC 
PDA 10% 


OUTGOING QA 


FINE/GROSS LEAK 
100% 


OUTGOING QA 
(OFFSHORE) 


IN PROC. OA 
MARK PERMANENCY 
TEST 


probability of any electrical defectives in the R-Flow lot. 
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R-Flow for Plastic Dual-in-Line Packages 


MOLD 


CURE 
6 HR AT 175°C 


MATT TIN PLATE 


IN PROCESS 0A 


TEMP CYCLE 
5 CYCLES 
0°C TO 150°C 


OUTGOING QA 
(OFFSHORE) 


INCOMING OA 
(ONSHORE) 


Ist 25°C 
ELECT TEST 
FULL PARA AC/DC 


BURN-IN 
150°C FOR 30 HRS 
(EQUIV. TO 160 HRS. 
@ 125°C FOR Ea=1eV) 


2nd 26°C 
ELECT TEST 
FULL PARA AC/DC 
PDA 10% 


MARK 


IN PROC QA 
MARK PERMANENCY 
TEST 


IN PROC. QA 
SOLDERABILITY 
TEST 


3 TEMP ELECT QA 


O°C, 25°C, 70°C 
0.04% AQL AT 25°C 


PACK 


OUTGOING OA 
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LIN IN } \I2 ESD PROTECTION PROGRAM 


TECHNOLOGY 


Introduction 


As integrated circuit technologies achieve higher speed, 
smaller geometries, lower power and lower voltage, there 
is a trend toward greater ESD (Electrostatic Discharge 
Damage) susceptibility. State-of-the-art CMOS ICs can be 
susceptible to as little as 50V, a static level that is way be- 
low the 500V to 15,000V commonly found in an ESD unpro- 
tected work environment. As these state-of-the-art ICs get 
designed into systems, the ESD susceptibility of system 
hardware also increases proportionately. Industry esti- 
mates of losses due to ESD are in the range of a few billion 
dollars annually. 


It has now become increasingly more important for all 
semiconductor manufacturers and users of semiconduc- 
tor and other electronic components to fully understand 
the nature of ESD, the sources of ESD, and its impact on 
quality and reliability, to effectively deal with this silent 
Chip killer. 


Linear Technology Corporation has successfully under- 
taken a simple but effective ESD Protection Program as 
part of an overall program designed to enhance product 
quality and reliability. Described in this section are the 
keypoints of this program. 


The objective is to provide increased ESD awareness by 
showing the sources of ESD in the work environment, and 
to recommend keypoints for the successful implementa- 
tion of an ESD program on a company-wide basis. 


The end result of a successful ESD program would be the 
reduction of line failures, final inspection failures and 
field failures, improved manufacturing yields, improved 
product quality and reliability and lower warranty costs. 
We hope that this will help to convince the reader that an 
ESD Protection Program must be an integral part of every 
electronic company’s product quality and reliability 
program. 


Key Elements of a Successful ESD Protection Program 


Recent improvements in failure analysis techniques to 
correctly identify ESD failures together with an increase in 
ESD related information from technical publications, 


EOS/ESD symposiums and vendors have significantly 
helped to increase ESD awareness, 


The ESD Protection Program at Linear Technology 
Corporation was successfully launched in 1983 when 
production of ICs was first started. A constant upgrading 
of the program is still underway. During the ongoing ef- 
forts to improve product quality and reliability, previously 
unrecognized ESD related problems have been brought to 
light and corrected. 


An effective ESD Protection Program must start at product 
design, and encompass all manufacturing and handling 
steps up to and including field service and repair. Our de- 
sign goal is to achieve an ESD susceptibility level of 
2,000V or greater. 


Since the sources of static in any work environment are 
similar, key elements of the program successfully imple- 
mented at Linear Technology Corporation can also be ap- 
plied to all users of electronic components, Where these 
key elements apply, static controls generic to an elec- 
tronic systems manufacturer are included. 


The key elements of a successful ESD Protection Program 
include: 


1. Understanding static electricity. 
2. Understanding ESD related failure mechanisms. 
3. ESD sensitivity (ESD) testing. 


4, Establishing an ESD task force to outline the require- 
ments of the program, sell the program to manage- 
ment, implement the program, review progress against 
milestones, and follow-up to ensure the program is con- 
tinuously improved and upgraded. Selecting an ESD 
coordinator to interface with all departments affected. 


5. Conducting a facility evaluation to help identify the 
sources of ESD and establish static control measures. 


6. Setting up an audit program. 
7. Selection of ESD protective materials and equipment. 
8. Establish a training and ESD awareness program. 


LI WN 
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What is Static Electricity? 


Lightning and sparks from a metallic doorknob during a 
dry month are examples of static electricity. The magni- 
tude of a static charge is dependent on many variables, 
among them the size, shape, material composition, sur- 
face characteristics and humidity. There are basically 
three primary static generators, namely triboelectric, in- 
ductive and capacitive charging. 


Triboelectric Charging 


The most common static generator is triboelectic charg- 
ing. It is caused when two materials (one or both of which 
are insulators) come in contact and are suddenly separat- 
ed or rubbed together, creating an imbalance of electrons 
onthe materials and thus static charge. 


Some materials readily give up electrons whereas others 
tend to accumulate excess electrons. The Triboelectric 
Series lists materials in descending order from positive to 
negative charging due to this triboelectric effect. A sam- 
ple triboelectric series is shown here. A material that is 
higher on the list, e.g., a human body, will become posi- 
tively charged when rubbed with a material, e.g., polyester, 
that is lower on the list, due to the transfer of electrons 
from the human body to the polyester material. 


Triboelectric Series 


Human Body 
Glass 
Mica 
Nylon 
Wool 
Fur 
Silk 
Aluminum 
Paper 
Cotton 
Steel 
Wood 
Hard Rubber 
Orlon 
Polyester 
Polyethylene 
PVC (Vinyl) 
Teflon 


Positive 
+ 


Negative 


Inductive Charging 


Static can also be caused by induction, where a charged 
surface induces polarization on a nearby material. If there 
is a path to ground for the induced charge, an ESD event 
may take place immediately. An example of an induced 
charge is when the plastic portion of a molded IC package 
acquires a charge either through triboelectric charging or 
other means, produces an electrostatic field and 
induces a charge on the conductive leads of the device. 
When the device leads are grounded, a short duration 
damaging static pulse can take place. 


Capacitive Charging 


The capacitance of a charged body relative in position to 
another body also has an effect on the static field. To 
see that this is true, one need only look at the equation 
Q = CV (charge equals capacitance times voltage). If the 
charge is constant, voltage increases as capacitance de- 
creases to maintain equilibrium. As capacitance de- 
creases the voltage will increase until discharge occurs 
via an arc. A low voltage on a body with a high capacitance 
to ground can become a damaging voltage when the body 
moves away from the ground plane. For example a 100V 
charge on a common plastic bag lying on a bench may in- 
crease to a few thousand volts when picked up by an 
operator, due to a decrease in capacitance. 


These sources of static can be found almost anywhere in 
an unprotected work environment, on personnel wearing 
synthetic clothing and smocks, on equipment with 
painted or anodized surfaces, and on materials such as 
carpets, waxed vinyl floors, and ungrounded work 
surfaces. 


Understanding the Failure Mechanisms 


In the past, analysis of electrical failures to pinpoint ESD 
as a cause was often difficult. But with a better under- 
standing of failure mechanisms and their causes, and the 
use of more sophisticated techniques like scanning elec- 
tron microscopy (SEM), pinpointing ESD failures can now 
be part of a routine failure analysis. 
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Parametric or functional failure of bipolar and MOS ICs 
can occur as a result of ESD. 


The primary ESD failure mechanisms include: 


1. Dielectric Breakdown: This is a predominant failure 
mechanism on MOS devices when the voltage across 
the oxide exceeds the dielectric breakdown strength. 
This failure mechanism is basically voltage dependent 
where the voltage must be high enough to cause dielec- 
tric breakdown. As such, the thinner the oxide, the 
higher the susceptibility to ESD. MOS device failures 
are characterized by resistive shorts from the input to 
Vpp or Vgs. 


MOS Transistor Structure 
Showing ESD Included Pinholes at Gate Oxide 


PINHOLES 


This failure mechanism can also be found on bipolar 
ICs which have metallization runs over active semi- 
conductor regions separated by a thin oxide. Device 
failures are characterized by resistive or high leakage 
paths. 


nr 


. Thermal Runaway (Second Breakdown): This failure 
mechanism results in junction melting when the melt- 
ing temperature of silicon (1415°C) is reached. This is 
basically a power dependent failure mechanism, 
namely the ESD pulse shape, duration and energy can 
produce power levels resulting in localized heating and 
eventually junction melting, even though the voltage 
level is below that required to cause dielectric break- 
down. Second breakdown of the emitter-base junction 
of a NPN transistor is a common ESD related failure 
mode on bipolar ICs, since the highest current density 
occurs on the smallest current carrying area which is 
typically the emitter-base junction. Low current gain 
(he) is a very sensitive indicator of emitter-base junc- 
tion damage on bipolar linear ICs. 


ESD PROTECTION PROGRAM 


3. Metallization Melting: When junction melting and a 
short occurs, localized melting of the metallization can 
occur if there is enough energy in the ESD pulse. This is 
frequently a secondary failure mechanism, following a 
short resulting from one of the other failure modes. 
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. Parametric Degradation: On precision, high speed ICs 
(e.g., bipolar operational amplifiers with a typical input 
bias current of 10pA and low input offset voltage of typ- 
ically 50xV) ESD can cause device degradation, besides 
functional failures. This can impact electrical perform- 
ance and adversely affect device reliability. 


This degradation in device parametric performance is 
far more difficult to pinpoint as an ESD related failure 
mode. It is also the least understood among the failure 
modes. The extent of this degradation is dependent on 
the number of ESD pulses and the level of damage 
sustained. The first ESD pulse may not cause an IC to 
fail the electrical datasheet limits, but with each subse- 
quent ESD pulse, the parametric performance can de- 
grade to the point where the device no longer meets the 
datasheet limits. 


There is a great deal of current research focused on 
ESD induced latent failures, and there now appears to 
be more evidence of this type of failure mechanism. 


RESISTIVE SHORT ON A 
METALLIZATION STRIP OVER 
A THIN OXIDE N+ REGION 
ON A BIPOLAR IC 


Lene 
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ESD Failure Analysis Program 


ESD defect identification must be an integral part of a fail- 
ure analysis program. The key objectives are to help 
identify the ESD failure mechanism, isolate the cause for 
failure, and implement corrective action to prevent recur- 
rence. All devices suspected of being damaged by ESD af- 
ter initial electrical verification, should be failure 
analyzed. 


An ESD failure analysis program is outlined below. 
1. Initial electrical test verification. 


2. Review device history to determine if there are any simi- 
lar failures in the past. Review ESD sensitivity data if 
available. 


wo 


. Investigate conditions in any area that can potentially 
cause ESD damage. Common potential problem areas 
include: 


© Proper grounding procedures not being followed 
(e.g., conductive table/floor mats not grounded, per- 
sonnel not wearing wrist strap, etc.) 

© \mproper handling (¢.g., handling devices at a non- 
ESD protected station) 

© Transporting devices in unapproved containers (e.g., 
in common plastic bags/tubes/tote boxes) 

© Changes in procedures or operation 

© Changes in equipment 

© Design deficiencies 
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Failure analysis sequence: 


© Bench testing and curve tracer.analysis 

 Pin-to-pin analysis 

© Internal visual (10 x to 1000 x) 

© Liquid crystal hot spot detection 

© Scanning electron microscopy (SEM), secondary ion 
mass spectrometry (SIMS), energy dispersive X-ray 
analysis (EDX), scanning auger microprobe (SAM) 

¢ Plasma/chemical etching 

© Special fault decoration 

© Micro-sectioning 

© Documentation 

An excellent failure analysis manual is published by 


the Rome Air Development Center titled “Failure Analy- 
sis Techniques—A Procedural Guide”. 


5. Duplication of failure by stressing identical devices. 
The same or similar electrical failure mode is a good in- 
dicator of an ESD induced failure mode. 


foo) 


Implement corrective action to prevent recurrence. 
Corrective action may include: 


© Component, board, sub-system or system level 
redesign 

© Improve ESD controls 

© Improve part handling 

e Improve ESD awareness 

© Improve compliance with ESD protection procedures 

increase audit frequencies 

e Improve packaging materials and procedures 


Corrective action taken by the end user should include 
a thorough review of electrical and mechanical packag- 
ing designs. In addition the end user should consult 
with the IC manufacturer on their findings, request fail- 
ure analysis of suspected ESD failures if needed and 
require the IC manufacturer to take appropriate correc- 
tive action on any confirmed ESD failure. 


ESD Sensitivity (ESDS) Testing 


ESDS testing is crucial in helping the IC designer and the 
end user evaluate the ESD susceptibility of a particular de- 
vice. At Linear Technology Corporation, ESDS testing is 
incorporated into the failure anaylsis program and is per- 
formed on each device as part of the product characteriza- 
tion program. The ESDS testing is also part of new product 
qualification. Linear Technology performs this ESDS test- 
ing according to MIL-‘STD-883C, Method 3015. 


The ESDS testing provides immediate feedback to the IC 
designer on any weakness found in the design and per- 
mits design correction before product release. The ESDS 
data collected is also used as baseline data to evaluate 
the effect of any future design changes on the ESDS test- 
ing performance, and to help ensure that the final packag- 
ing methods meet MIL-M-38510F requirements. Devices 
which are classified as Category A devices, susceptible to 
2000V or less, on this ESDS testing are top marked with an 
equilateral triangle per MIL-M-38510F requirements. 
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Since people are considered to be a prime source of ESD, 
the ESDS test circuit is based on a human ESD model. A 
15000 resistor and a 100pF capacitor are used in the test 
circuit. Human capacitance is typically 50pF to 250pF, 
with the majority of people at 100pF or less, and human re- 
sistance ranges from 10002 to 50009. Five combinations 
of input, output, V+ and V~ pins are tested, An ESD fail- 
ure is defined as a voltage level which causes sufficient 
damage to the device such that it no longer meets the 
electrical datasheet limits. 


After initial ESDS testing, it is important that ESDS test 
monitoring be performed periodically on devices from vari- 
ous lots to determine lot-to-lot variation. The VZAP-1 re- 
port titled “Electrostatic Discharge (ESD) Susceptibility of 
Electronic Devices” published by the Reliability Analysis 
Center, Rome Air Development Center, contains a wealth 
of information on ESDS testing data on devices of differ- 
ent process technologies from many manufacturers. The 
data in this report clearly indicates a large lot-to-lot varia- 
tion relating to ESD susceptibility on the same device. 


Design for ESD Protection 


ESD protection designs employed on Linear Technology 
Corporation devices include: 


1. Input clamp diodes 


2. Input series resistors to limit ESD current in conjunc: 
tion with clamp diodes 


ao 


. Keeping critical junctions out of reverse breakdown, or 
physically enlarging it 


> 


. Eliminating metallization runs over thin oxide regions 
when they are tied directly to external pins 


ESD Task Force 


An ESD task force should consist of members from each 
affected department to do the foundation work, sell the 
program to management, and implement the program with 
the following objectives: 


1. Develop, approve and implement an ESD control speci- 
fication covering all aspects of design, ESD protected 
materials and equipment, and manufacturing 


2. Raise the level of ESD awareness 
3. Develop a training and certification program 


4. Work with all departments on any ESD questions or 
problems 


5, Develop a program to educate and assist sales offices, 
distributors and customers to minimize ESD 


6. Review and qualify new ESD protective materials and 
equipment, and keep specifications and training pro- 
gram updated 


~ 


. Measure the cost-to-benefit ratio of the program 


Facilities Evaluation 


The ESD task force should be responsible for facility 
evaluation. This evaluation should be guided by the ESD 
coordinator. The ESD coordinator should be chosen for 
strong knowledge of ESD controls, and for the ability to 
effectively interface with all affected departments. The 
primary objective of the task force is to pinpoint areas that 
represent sources of static electricity and potential yield 
losses due to ESD. 


A representative, preferably the engineering or production 
manager, from each of the key manufacturing areas 
should be represented on this task force. At Linear Tech- 
nology Corporation this effort is headed by the Quality As- 
surance Manager and the Package Engineering Manager. 
The balance of the ESD task force members are the 
Test Engineering, Product Engineering, and Production 
Managers. 


The only equipment needed for this survey is a field static 
meter which measures static up to a levet of 50kV. Both 
nuclear and electronic type static meters are available 
from manufacturers like 3M, Simco, Wescorp and Scien- 
tific Enterprises. 


Regardless of area classification, all manufacturing areas 
can be broken down into the following categories for 
evaluation purposes. 


Vo guis 
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1. Personnel 


Personnel represents one of the largest sources of static, 
from the type of clothing, smocks and shoes that they 
wear (for example, polyester or nylon smocks). 


2. The Environment 


The environment includes the room humidity and floors. 
Relative humidity plays a major part in determining the 
level of static generated. For example, at 10-20% RH a 
person walking across a carpeted floor can develop 35kV 
versus 1.5kV when the relative humidity is increased to 
70%-80%. Therefore the humidity level must be con- 
trolled and should not be allowed to fluctuate over a broad 
range. 


Floors also represent one of the greatest contributors of 
Static generation on personnel, moving carts or equipment 
because of movement across its surface. Carpeted and 
waxed vinyl floors are prime static generators. 


3. Work Surfaces 


Painted or vinyl covered table tops, vinyl covered chairs, 
conveyor belts, racks, carts and shelving are also static 
generators. 


4. Equipment 


Anodized surfaces, plexiglass covers, ungrounded solder 
guns, plastic solder suckers, heat guns and blowers are 
also static generators. 


5. Materials 


Look out for common plastic work holders, foam, common 
plastic tote boxes and packaging containers. 


Examples of typical static levels are shown in the table 
below. 


RELATIVE HUMIDITY 
10%-20% 70%-80% 
Walking across a carpeted floor 
Walking across a vinyl floor 


Picking up acommon plastic bag 
Sliding plastic box over benchiconveyor 
Ungrounded solder sucker 

Plastic cabinets 


This ESD survey should include all direct and support 
manufacturing areas where semiconductor and other elec- 
tronic components are handled, and should be extended 
to cover distribution and field sales offices, and field ser- 
vice centers. Once the facility evaluation is completed, the 
results are reviewed by the ESD task force, and controls 
are selected to combat each potential ESD problem area. 


The ESD Protection Program 


The degree of static control should be determined by the 
most static sensitive device or assembly in the operation. 
Top management support and implementing the same ba- 
sic controls in all areas with no double standards will help 
to ensure success. 


The basic concept of complete static protection is the pre- 
vention of static buildup, the removal of any already exist- 
ing charges, and the protection of electronic components 
from induced fields. The first and foremost line of defense 
is the personnel wrist strap together with grounded con- 
ductive or static dissipative table tops, and conductive 
heel straps and grounded conductive or static dissipative 
floor mats. 


To increase ESD awareness at Linear Technology Corpora- 
tion, all ESD Protection Areas are marked by an identifying 
label shown below. This label alerts all personnel that ESD 
protection procedures are enforced in the area. 


ESD Protected Workstation 


Examples of ESD Protected Workstations are shown in 
Figures 1 and 2. 
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Option 1 (Figure 1): All electronic components, sub-assem- 
blies and assemblies must be handled at an ESD Pro- 
tected Workstation only. The figure illustrates an ESD Pro- 
tected Workstation consisting of a static dissipative table 
mat grounded to earth or electrical ground through a 1M0 
series resistor, with the requirement that the operator 
wears a grounded insulated conductive wrist strap with a 


1MQ series resistor. This 1MQ series resistor protects the 
operator from electrical shock, should the operator come 
in contact with a potentially lethal voltage. Option 1 
should be used where the operator does not require a 
large degree of freedom, e.g., during product inspection, 
component soldering, board repair, etc. 


ELECTRIC POWER id 


3. WRIST STRAP 
2. GROUND CORD. 


4. INSULATION PAD 


4. CONDUCTIVE OR STATIC 
tr DISSIPATIVE TABLE MAT 


GROUND = 


CLL. 


ITE TIT 


TABLE TOP 


Wl 


MATERIALS: 1. 1/16’ THICK CONDUCTIVE OR STATIC DISSIPATIVE TABLE MAT WITH SURFACE 


RESISTIVITY OF = 108@ PER SQUARE. 


2. INSULATED CONDUCTIVE GROUND CORD WITH A SERIES RESISTOR OF 1/2W 
MINIMUM, 1MQ+ 10%, AND 18AWG OR LARGER INSULATED WIRE. 


3. INSULATED CONDUCTIVE WRIST STRAP WITH 1/4W MINIMUM, 1MO+ 10%, 
AND 20AWG OR LARGER INSULATED WIRE. THE CURRENT LIMITING 1MQ 


RESISTOR MUST BE LOCATED RIGHT NEXT TO THE WRIST TO PREVENT THE 


POSSIBILITY OF SHUNTING THE RESISTOR. 


4. POWER TEST EQUIPMENT MUST BE CHASSIS GROUNDED VIA A THREE-PRONG 
PLUG, AND PLACED ON AN INSULATION PAD MADE OF FORMICA, FIBERGLASS 


OR EQUIVALENT MATERIAL. 


Figure 1 


3. GROUND CORD 


LLL ia 


GROUND 


Sacco CLM 


2. CONDUCTIVE SHOE STRAP 


1. CONDUCTIVE FLOOR MAT 
OR CONDUCTIVE FLOORING 


MATERIALS: 1. OPTIONAL 1/8// THICK CONDUCTIVE OR STATIC DISSIPATIVE MAT OR 
CONDUCTIVE FLOORING (e.g., CONDUCTIVE FLOOR TILES) WITH A SURFACE 
RESISTIVITY OF < 1089 PER SQUARE. 


2. CONDUCTIVE SHOE STRAP WITH A SURFACE RESISTIVITY OF < 1059 PER 


SQUARE. 


3. INSULATED CONDUCTIVE GROUND CORD WITH A SERIES RESISTOR OF 1/2W 
MINIMUM, 1MQ+ 10%, AND 18AWG OR LARGER INSULATED WIRE. 


Figure 2 
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Option 2 (Figure 2): Shows an alternate installation meth- 
od for an ESD Protected Workstation. it consists of a 
conductive or static dissipative floor mat grounded to 
earth or electrical ground through a 1MQ series resistor 
with the operator wearing a conductive shoe strap. This in- 
Stallation is typically used where the operator needs free- 
dom of movement over a large area, e.g., environmental 
chamber loading and unloading, electrical testing, etc. To 
be effective the conductive shoe strap must be attached 
to the wearer's shoe to maximize contact between the 
strap and the conductive floor. 


Option 3: Utilizes the same conductive or static dissipa- 
tive floor mat installation as Option 2 with the exception 
that the operator is grounded via a wrist strap through the 
equipment ground instead of a conductive shoe strap. It is 
utilized where an operator is working with a piece of free- 
standing equipment and does not require a great deal of 
freedom of movement. 


Handling 


At Linear Technology Corporation all products are han- 
dled, transported and staged in volume conductive tote 
boxes. This offers maximum protection to the compo- 
nents from triboelectrically generated and inductive static 
charges. The rule is under no circumstances should com- 
ponents be removed from their approved containers ex- 
cept at an ESD protected workstation. 


Final Packaging 


Only antistatic and conductive final packaging containers 
(for example, antistatic or conductive dip tubes, volume 
conductive carbon loaded plastic bags or metallic film 
laminate bags, foil lined boxes) are used. Filler (dunnage) 
material used should be antistatic, non-corrosive, and 
should not crumble, flake, powder, shred or be of fibrous 
construction. Conductive packing materials are preferred 
since they not only prevent buildup of triboelectric charge, 
but aiso provide shielding from external fields. 


Other ESD Preventative Measures 


¢ Where possible, ban all static bearing materials, 
@.g., common plastics, styrofoam from the work 
environment. 

© Use only synthetic material smocks with 1% to 2% in- 
terwoven steel. 


® Ensure all electronic and electro-mechanical equip- 
ment is chassis grounded, including conveyor belts, va- 
por degreasers and baskets, solder pots, etc. 

© Tips of hand soldering irons are to be grounded. 

© All parts of hand tools (e.g., solder suckers, pliers, etc.) 
which can be expected to come in contact with elec: 
tronic components are to be made of conductive mate- 
rial and grounded. 

© Conductive shorting bars are to be installed on all 
terminations for PC boards with electronic components 
during assembly, loading, inspecting, repairing, solder- 
ing, storing and transporting. 

© All PC boards with electronic components are not to be 
handled by their circuitry, connector points or connec- 
tor pins, 

© High velocity air movement is to be delivered through a 
static neutralizer. 

© Air ionizers are to be employed in neutralizing static 
buildup on insulators if they have to be used or as an ex- 
tra precautionary measure for extremely sensitive 
assemblies. 

© Do not slide electronic components over a surface. 


Air ionizers come in three basic types: nuclear, AC and 
pulsed DC. These ionizers can neutralize static charges on 
non-conductive materials by supplying the materials with 
a stream of both positive and negative ions. 


The advantage of the AC or pulsed DC type air ionizer is 
that there is no recurring annual replacement cost. The 
disadvantages are: it emits ozone which can damage rub- 
ber in equipment; EMI (Electro Magnetic Interference); 
and an imbalance in the stream of ions if not properly 
maintained, therefore necessitating frequent preventive 
maintenance. 


The advantages of the nuclear type air ionizer are low 
maintenance, no ozone, no EMI and no imbalance prob- 
lems. The disadvantages are that it requires careful han- 
dling because of the radioactive source, and the annual 
recurring cost to replace the radioactive source. 


The selection of air ionizers must be done with care with 
awareness of the above limitations. The squirrel cage 
ionized air blower has been proven to produce a signif- 
icantly more even distribution of ion patterns than does a 
conventional fan blower design. 
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Maintenance 


ESD protective floor and table coverings must be properly 
maintained. Do not wax over them. Cleaners must not de- 
grade their electrical properties. Vacuum to remove loose 
particles, followed by a wet mop with a solution of mild 
detergent and hot water. 


Periodic Audits 


At Linear Technology Corporation periodic audits are con- 
ducted to check on the following at least once a month, 
unless otherwise noted. 


© Compliance with ESD control procedures. 

© Ensure that the conductive ground cord connection is 
intact by measuring the series resistance to ground 
with an ohmmeter. 

© Ensure that wrist straps are still functional by measur- 
ing the resistance from the person to ground. The 
ground lead of the ohmmeter is connected to the 
ground connection of the wrist strap, and the positive 
lead is connected to a stainless steel electrode (one 
inch in diameter, and three inches long #304 stainless 
steel) which is held by the person. This test method not 
only checks the resistance of the series resistor, but 
also resistance through the ground cord and also any 
contact resistance between the wrist strap and the per- 
son’s skin. This test procedure is required when wrist 
straps with an elastic nylon band with interwoven 
metallic strands are used, since the metallic strands 
breakdown with prolonged use. This monitor frequency 
may be shortened depending on audit results. 


¢ Measure the surface resistivity of conductive or static 
dissipative table tops once every 6 months using 
ASTM-F-150-72, ASTM-D-257 or ASTM-D-991 test meth- 
ods as appropriate. 


Materials Selection and Specification 


Based on the tremendous amount of ESD protective 
materials available, it is important that materials are se- 
Jected based on a stringent qualification. Once the materi- 
als have been selected and specifications defined, a 
material procurement specification needs to be initiated 
that defines the materials and quality requirements to the 
vendor. One of the major pitfalls is to procure material in 
haste, e.g., a wrist strap, only to find out it does not per- 
form reliably. 


The SOAR-1 report titied “ESD Protective Material and 
Equipment: A Critical Review” published by the Rome Air 
Development Center is an excellent reference on the vari- 
ous types of ESD protective materials available. 


At Linear Technology Corporation a minimum of three 
manufacturing lots from a potential vendor are subjected 
to qualification testing per the requirements of the materi- 
al procurement specification for ESD protective materials. 
The vendor is considered qualified only when all three lots 
are found to be acceptable. Once vendors have been quali- 
fied, all incoming ESD protective materials are subjected 
to a stringent incoming inspection. 


The following table summarizes a sample material and 
test specification for ESD protective materials. 


Wrist Strap Resistance Test Set-Up 


WRIST 
STRAP ELECTRODE 


#304 
STAINLESS STEEL 


OHMMETER 


LI We 
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MATERIAL PROPERTIES/DESCRIPTION TEST METHODS 


© Insulated coil cord with a 1M + 10%, %W minimum Measure series resistance with ohmmeter. Apply normal 
series resistor molded into snap fastener (at wrist end), _| tug to both ends of strap and remeasure series resistance. 
and an elastic wrist band with inner metallic filaments Resistance must be between 0.8 to 1.2Mo. 
and insulative exterior. 


© Must not shed particles 

© Must not support bacterial or fungal growth 

© Conductive: surface resistivity <105/square. Static 
Dissipative: surface resistivity > 105 and <10°a/square. 


Conductive or Static 
Dissipative Table and Floor 
Coverings, Conductive Tote 
Boxes, Conductive Shoe 
Straps 


Conductive Foam ® Shall not contain more than 30ppm C1, K, Na when a 
quantitative chemical analysis is performed 
© Must not support bacterial or fungal growth 


Antistatic and Conductive © Must not exhibit an oily-like film 
Dip Tubes 


Test per ASTM-F-150-72, ASTM-D-257, ASTM-D-991 (for 
surface resistivity < 10° Q/square). 


With devices inserted into the foam, the foam must not 
cause lead corrosion after a 24 hour 85°C/85% RH 
temperature/humidity storage. 


Must meet an Electrostatic Decay test per Federal Test 
Method Standard 101 Test Method 4046. Material charged 
to 5000V must be discharged to 1% of its initial value (50V) 
in 2 seconds after a 24 hour conditioning at 15% relative 
humidity. 

Test method for antistatic bags same as for antistatic/ 
conductive dip tubes. Test method for conductive bags 
same as for conductive table/floor coverings. 


Antistatic and Conductive © Antistatic bags must meet MIL-B-81705 type 2 

Bags © Conductive bags must meet MIL-B-117 and sealing 
requirements of MIL-B-81705 

© Must not support bacterial or fungal growth 

© Ozone level: 0.1ppm maximum for 8 hour exposure 

© Noise: 60dB maximum 

¢ EMI: non-detectable when measured 6 inches away 


Static Eliminators/lonized Air 
Blowers 


Voltage Decay test: A non-conductive sheet of material 
charged to SkV must be discharged to 1% of its initial value 
(50V) in 2 seconds at a distance of 2 feet from the ionizer or 
larger distance if application calls for a larger distance. 


Training and Certification Program 


The training program should be developed to increase | ESD awareness, it is often a good idea to show ESD 
ESD awareness and to assist all personnel in complying awareness films and video tapes which are available from 
with the ESD control specification. The program should —_a variety of sources (Reference 3 provides a list of films 
include: and video tapes). Personnel are retrained and recertified at 
a minimum frequency of once per year. 


. Adiscussion on “What is Static Electricity?” 
How ESD affects ICs Measuring the Benefits 
Estimated cost of ESD related losses Where possible, the benefits of an ESD Protection Pro- 
gram should be tracked and quantified. The two yard- 
. Materials and equipment for controlling static sticks used at Linear Technology Corporation are final test 


yields and QA electrical average outgoing quality (AQQ). 
Since the implementation of this program, there has been 
. The importance of an audit program a significant improvement in final test yields especially on 
static sensitive CMOS devices. With the elimination of 
- Encourage floor personnel to feedback any ESD poten- Eg as a potential failure cause, the electrical AOQ has 

tial areas to the ESD task force averaged well under 100ppm for all products combined. 
ESD training should be incorporated into the personnel Improvements such as this help to provide positive feed- 
training and certification program. At Linear Technology back to manufacturing and support personnel on the im- 
Corporation only fully trained and certified personnel are portance of an ESD Protection Program, and also help to 
allowed to do actual production work. To help increase © ensure its continuing success. 


. The importance of wearing the wrist strap 
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TECHNOLOGY 


Introduction 


Linear Technology Corporation was founded in 1981 to ad- 
dress the growing demand for high performance and 
superior quality linear integrated circuits. 


Today, Linear Technology has successfully established a 
leadership position by introducing and supplying leading 
edge products in each of the industry’s basic functional 
groups—op amps, comparators, voltage regulators, refer- 
ences, switched-capacitor filters, interface, data conver- 
sion, and a variety of special function CMOS devices, in all 
major package styles. 


Early on, Linear Technology made the commitment to pro- 
vide advanced technology, surface mount packaging. This 
makes Linear Technology the first company. to offer true 
precision and high performance linear devices across the 
full range of functional categories, plus many of the popu- 
lar second-source devices in JEDEC Standard SO-8, 14, 16 
and SOL-16, 18 and 20 pin packages. 


Support for Linear Technology’s surface mount devices in- 
cludes service for tape and reel, anti-static rails, quality 
and reliability data, and datasheets on each product. 


Linear Technology intends to address customer demand 
for surface mount devices where technology and die sizes 
permit, making the combination of small package size and 
high performance linear devices readily available to our 
users, 


This section contains information summarizing Linear 
Technology’s capabilities and services for surface mount 
packaged products, as well as specific device data- 
sheets. 


Package Descriptions 


Linear Technology’s SO packages conform to Standard 
JEDEC SOIC outlines. Figure 1 represents the 8, 14 and 
16-lead narrow (150 mil width) SO packages. The 300 mil 
width large cavity SOL package is pictured in Figure 2. 


In some instances, an LTC product available in an 8-pin 
standard DIP package is offered in a 16-pin SOL package. 
This covers the situation where the die is too large to be 


accommodated by the smaller SO-8 package. Although it 
is preferable for an SO-8 device to have the same pin-out 
as the standard 8-pin dual-in-line version, some devices 
necessitate a rotation of the die to fit in the SO-8 package. 
Please refer to the applicable SO device datasheet, or 
consult with the factory to verify exact pinouts for each 
device, 
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Electrical Specifications 


Wherever possible, electrical specifications for an SO de- 
vice are the same as the plastic molded equivalent. Excep- 
tions to this are identified by the omission of the standard 
product electrical grade designator from the part number. 
For example: 


—LT1013DS8 has the same electrical specifications 
as LT1013DN8, since the “D” is common to both prod- 
uct numbers. 


—LT1012S8 has one or more different electrical specifica- 
tions than LT1012CN8, as the “‘C” is missing from this 
product designator suffix. 


Please consult the appropriate SO package datasheet for 
complete electrical specifications. 


Marking 


Because of the limited space available for part marking on 
some SO packages, abbreviated marking codes are used 
to identify the device. These codes, if used, are identified 
in the individual SO package datasheets. 


Recommended Solder Pads 
$0-8, $O-14, SO-16 


Toa 


0. ie 0.165 


|“ pone 


0. ——— 


0.028 -0. ol. —— 


Lead Finish and Solderability 


Lead finish is electroplated, matte-tin, with a low carbon 
content. Solderability meets the requirements of MIL- 
STD-883C, Method 2003. Recommended solder pads are 
given in Figure 3. 


Wave and Reflow Soldering 


Following are the recommended procedures for soldering 
surface mount packages to PC boards. 


1. Wave Soldering 


e Use solder plating boards. 

© Dispense adhesive to hold components on board. 

e Place components on board. 

© Cure adhesive per adhesive manufacturer's speci- 
fication. 

e Foam flux using RMA (Rosin Mildly Activating) flux 
or an organic acid flux if more aggressive flux is 
required. 

*e Wave solder using a dual wave soldering system at 
240°C to 260°C for 2 seconds per wave. 

© Clean board. 


*Note: LTC packages will survive temperatures of 260°C for 10 seconds. 


SOL-16, SOL-18, SOL-20 
a nas 


7 oa 
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- eee @ 
0.040 —0.050 aal _ ” > me 


0.028 — 0.035 


Figure 3. Wave and Reflow Soldering 
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2. Reflow Soldering 


© Use solder plating boards. 

© Screen solder paste on board. 

© Mount components on board. 

© Bake for 15-20 minutes at 65°C-90°C. 

© Reflow solder paste. The solder paste temperature 
must be 200°C for at least 30 seconds. LTC recom- 
mends vapor phase or infra red reflow systems for 
best performance. 

* Clean boards. 


Thermal Information 


Table 1 shows the range of junction-to-ambient thermal re- 
sistance of devices mounted on a PCB of FR4 material 
with copper traces, in still air at 25°C. 6a with a ceramic 
substrate is about 70% of the FR4 value. Maximum power 
dissipation may be calculated by the following formula: 


iMAX—T, 
Pp max [TA] = TAKE TA 


OjA 


where Tj max = Maximum operating junction temperature. 
Ta = Desired ambient operating temperature. 
8)a = Junction to ambient thermal resistance. 


$0-8 150 to 200°C/W SOL-16 85 to 100°CW 
$0-14 100 to 140°C/W SOL-18 70 to 100°C/W 
$0-16 90 to 130°C/W SOL-20 70 to 90°C/W 


Conditions: PCB mount on FR4 material, still air at 25°C, copper trace. 


Table 1. Typical Thermal Resistance Values 


Product Reliability 


Linear Technology Corporation publishes a reliability data 
pak on a quarterly basis for our complete range of her- 
metic and plastic devices. The data generated on the SO-8 
compares favorably with that generated for dual-in-line 
packages. The tests that are run to assess package and 
device reliability are high temperature operating life with 
electrical bias, temperature and humidity under bias 
(85/85), autoclave, temperature cycle, and thermal shock. 
A sample of the data for the $8 (SO-8 smail outline plastic 
DIP} is shown below. 


$8 (8 Lead Small Outline Plastic DIP) 
Reliability Data ¢ October 1986 


© Operating Life 


# DEVICE | # DEVICE 
HOURS | HOURS 

DEVICE AT AT 
TYPE 150°C | 125°C") 


OP07 


1186.1K 
234.7K 
164.6K 
265.6K 
131.0K 


1982.0K 


591.9KK 
LT385-1.2 117.1KK 
LT1012 

LTC 1044/7660 


71021 


© 85/85 With Bias 


TOTAL DEVICE 
DEVICE TYPE HOURS # FAILURES 


OP07 153 234.3K 
L101044C 78 114.2K 
348.5K 


e Autoclave 


OPO? 
LTC1044C 
LM385B-1.2 
T1012 


© Temperature Cycle (Air to Air) - 65°C to 150°C 


TOTAL DEVICE 
DEVICE TYPE CYCLES # FAILURES 


OP07 155 465.0K 
LTC1044C 96 192.0K 
657.0K 


© Thermal Shock (Liquid to Liquid) — 65°C to 150°C 

TOTAL DEVICE 
| pencervee | ss_| "Groues | arauunes | 
Note 2: 1 Fit = 1 failure in 10 device hours. 


- — fz 
Note 3: Non-functional— Bonding pad corrosion. 


LTC1044C 91.7K 
Note 4: Failure rate at 55°C 1.2 fits to a 60% confidence level. 


156 
96 
403.7K 


Note 1: Assumes E, = 1.0eV. 


More current data, by device type, may be obtained by 
contacting Linear Technology Corporation, Marketing 
Department. 
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Tape and Reel Packing Plastic Tube Packing 


Tape and reel packing is available for allSO andSOLpack- Linear Technology SO and SOL packaged devices are 
ages (except 18-lead) in accordance with EIA Specification packed in conductive plastic tubes with the dimensions in- 
481-A. Table 2 lists the applicable tape widths, dimen- dicated in Figure 4. Unit quantities per tube are as listed in 
sions, and quantities for all LTC small-outline products. Table 3. 

Consult factory for tape and reel pricing and minimum or- 
der requirements. 


COMPONENT|HOLE| REEL  |PARTSPER 
TAPESIZE| PITCH _|PITCH| DIAMETER en 


Table 3. Devices Per Tube 


*Unavailable at this time. 


Table 2. Tape and Reel Packing Specifications 
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Linear Technology Corp. packs theirSO and SOL products _ follows EIA specification 481-A, and is an extra cost item. 
in either conductive plastic tubes or tape and reel, depend- = The following pages describe and detail these packing 
ing on customer preference. Plastic tubes are manufac- methods. 

tured to LTC specifications, while tape and reel packing 


PLASTIC TUBE SPECIFICATIONS 


SOL Package Shipping Tube 
SO Package Shipping Tube 


~<———— 0.210 


0.025 + 0.005 
WALL 
0.060 —> 
0.030 RAD REF 


0.320 ID 


KEEP FLAT 


DO NOT ROUND 0.010 RAD 
OUT REF 


: +116. 
Length: 20.50 ” 4149 inches 


0.030 + 0.005 
TYP WALL 


Length: 20.75 * 1/22 inches 


Figure 4, 


Note 1: Tolerances: + 0.010 unless otherwise specified. 
Note 2: Material: anti-static treated rigid transparent PVC or rigid black conductive. 
Note 3: Printing: “LTC logo, Linear Technology Corp., Antistatic” on top side of tube. 


7 OA hich 15-39 


SURFACE MOUNT PRODUCTS 


TAPE AND REEL SPECIFICATIONS 


Embossed Carrier Dimensions (12, 16, 24mm Tape Only) 


10 PITCHES 
CUMULATIVE 
K TOLERANCE ON 
TAPE 
+0.2mm 
t is (0.008) 
E 
TOP 
COVER 
= TAPE 
a AY F 
Tr Ww 
ry | 
a 
By Ko Ha 
SEE NOTE 1 i { 
4y ra" 
! ee. 2 
FOR MACHINE REFERENCE OI EMBOSSME! Dy 
L_ INCLUDING DRAFT AND RADII “ FOR COMPONENTS 
CONCENTRIC AROUND Bo 2.0mm x 4.2mm 
USER DIRECTION OF FEED GENTER LINES eae 
OF CAVITY 
Embossed Tape—Constant Dimensions 
Tape Size dp | €£ Py _|t(Max.)| Ap By Ky 
12,16, |, +010 | 1.7520.10 | 4.0%0.10 | 0.400 [See Note 1 
24mm |  -0.0  |(0.069 + 0.004) (0.157 + 0.004)| (0.016) 
+ 0.004 
0.059 * 99 
Embossed Tape—Variable Dimensions 
K 
Tape Size F Max. P, Ww P(SO) P(SOL) 
12mm 5.50.05 45 2.0 +. 0.05 30 120+0.30 | 8.0+0.10 
(0.2170.002}| (0.177) | {0.079+0.002)| (1.181) __[(0.472 + 0.012) | (0.315 + 0.04) 
16mm 7.50.10 40 16 + 0.30 80+0.10 | 12,040.10 
(0.295 + 0.004) 6.5 2.00.10 (1.575) | (0.630 0.012) } (0.315 0.04) |(0.472 + 0.004) 
24mm 11.50.10 (0.256) | (0.079 + 0.004) 24+ 0.30 
(0.453 + 0.004) (0.945 + 0.012) 


Note 1; Ap By Ky are determined by component size. The clearance between 
the component and the cavity must be within 0.05 (0.002) min. to 0.65 (0.026) 
max. for 12mm tape, 0.05 (0.002) min. to 0.90 (0.035) max. for 16mm tape and 
0.05 (0.002) min. to 1.00 (0.039) max. for 24mm tape and larger. The compo- 


Nent cannot rotate more than 20° within the determined cavity, see 
Component Rotation. 


Note 2: Tape and components shall pass around radius “R” without 
damage. 
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SURFACE MOUNT PRODUCTS 


TAPE AND REEL SPECIFICATIONS 


Component Rotation Bending Radius 


20° MAXIMUM 
}<t~ COMPONENT ROTATION 


TYPICAL 
COMPONENT CAVITY 
CENTER LINE 


R MIN 


TYPICAL 
COMPONENT BENDING RADIUS 
CENTER LINE SEE NOTE 2 


Tape Camber (Top View) 


Allowable camber to be 1mm/100mm nonaccumulative over 250mm 


Tape Leader (Start/End) Specification 


NO COMPONENTS COMPONENTS NO COMPONENTS. 
START 
MIN 500mm (19.685) 
40mm (1.575) MIN MAX 560mm (22.047) 
Pos EMPTY COMPONENT ger 
POCKETS SEALED 


WITH COVER TYPE 


ooo 


USER DIRECTION OF FEED 
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SURFACE MOUNT PRODUCTS 
REEL DIMENSIONS 


Direction of Feed 


TOP COVER 
TAPE THICKNESS (ty) 


0.10mm 
(.004) MAX THICK 


EMBOSSED 
CARRIER 


Reel Dimensions 


40mm (1.575) MIN. 
ACCESS HOLE 
AT SLOT LOCATION 


FULL RADIUS* 

TAPE SLOT IN CORE 

FOR TAPE START. 

2.5mm (0.098) MIN WIDTH 
10mm (0.394) MIN DEPTH 


Y 


“DRIVE SPOKES OPTIONAL IF USED | 
ASTERISKED DIMENSIONS APPLY. G (MEASURED AT HUB) <— 


330 F 13.0+0.20 
(12; I (0.512 + 0.008) 


: 13.0+0.20 
(14.173) ; (0.512 + 0.008) 
360 . 13.0+0.20 
(14.173) . {0.512 + 0.008) 


*Metric dimensions will govern. 
English measurements rounded and for reference only. 
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SURFACE MOUNT PRODUCTS 
a a 


SURFACE MOUNT PARTS LIST 


LF398S8, Precision Sample and Hold Amplifier .....0 200.00. coe e cece cece cece cece tebe eb bebe bb ebb bb bbbbee rc cees 
LM318S8, HighSpeed OpAmp ............0..0 00.0. cece eave ee 

LM334S8, Constant Current Source and Temperature Sensor ........ 

LM385S8-1.2/LM385S8-2.5, Micropower Voltage Reference 

LT1001CS8, Precision OPAMP .... 2.0.00. c ccc cece ccc c cee cee ne ccc ee teen betes tnateetntebeturtttternnnes 
LT1004CS8-1.2/LT1004CS8-2.5, Micropower Voltage References 

LT1006S8, Precision, Single Supply OPAMP... 0... c cece ccc cece cece cece eee e cece cette tener ene bbbbeb beet ebecceeees 
LT1007CS/LT1037CS, Low Noise, High Speed Precision Op Amps 

LT1009S8, 2.5 Volt Reference .... 2.6.06. cece ccc eee eee cece eee c cece eee e sees ees eeennnnbbbbbebettbetteneenes 
LT101258, Picoamp Input Current, Microvolt Offset, Low Noise OpAmp ..... 0... 0.00 ec ccc cece cccccececccccccccccccccecces 2-117 
LT1013DS8, Dual PrecisionOpAMP...........0. 000.00 ccc see e aes salary Sah arene elaararenecdsoueae ae Wate wiahalels digits MD eA cemeoy Seb oh 2-141 
LTI016CS8, Ultra Fast Precision Comparator... 06... ccc cece cece eee tbbccbbcnebbbbbbiiebiiecncenes 6-41 
LT1017CS/LT1018CS, Micropower Dual Comparator «2.2.6... ooo ccc cece ccc c cece ccuvcebeveceecccececcsccess 6-53 
LT1020CS, Micropower Regulator and Comparator ..... 20... 00. cece cece cece cence ec cebeeecceveerreceeeees 4-45 
LT1021DCS8, Precision Reference ..... 0.2... ook c cece cece ccc c cece be eee eet tebietebbbnbecbbbrecc cee. 3-57 
LT1028CS, Ultra-Low Noise Precision High Speed OPAMP ..... 2... occ cece cece ecccceeesecececceuceeeceenrecccccee. 2-177 
LT1030CS, Quad Low Power Line Driver ©... 2.6... ooo ccc cece cece eee e ebb b bebe bebe bbb bbc b bere ec coe. 10-9 
LT1034CS8-1.2/LT1034CS8-2.5, Micropower Dual Reference ...... 00... 00 ooo c eee ce cece ccc cccseccecccceveeccveeees 3-81 
LT1054CS/LT1054{S, Switched Capacitor Voltage Converter with 10 (1 Sa a ae ne a 5-35 


LT1055S8/LT1056S8, Precision, High Speed, JFET input Op Amps 


LTC1061CS, High Pertormance Triple Universal Filter Building Block 
LTC1062CS, Sth Order Low Pass Filter... 6.00.0 ooo eee cece cece ccc e eee eecceeececcece. 
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TECHNOLOGY 


INTRODUCTION 


Linear Technology Corporation offers a wide variety of 
precision linear 1C’s in die form. It is our intent to offer 
dice electrically tested to levels which can be expected to 
yield the best possible performance in hybrid circuits. 
Complicating this task is the fact that many specifications 
given for our standard packaged products cannot be 
tested at the wafer level. Further, parameters which are 
100% tested at wafer probe testing may shift during the 
die attach/assembly process. 


There is a Dice Products Catalog available that contains 
ordering information and datasheets for obtaining dice 
products. Catalogs are available from your local LTC 
Sales Rep, or from LTC Communications at (800) 637-5545. 


GENERAL INFORMATION 
Electrical Testing 


Dice are 100% tested in wafer form at 25°C to the DC lim- 
its shown on the dice data sheet for a given device type. 
Many LTC packaged products have multiple electrical 
grades associated with a basic die type. A cross reference 
appears on each dice data sheet indicating which die 
product grade should be ordered to optimize candidates to 
meet the specifications of the desired finished product 
grade. This information should be used as a guideline only 
since LTC does not guarantee electrical specifications af- 
ter assembly. Since electrical testing is done only at 25°C, 
no absolute guarantee can be made regarding perform- 
ance at other temperatures. Some LTC products require 
post-package trimming to overcome certain assembly re- 
lated parameter shifts. Details on this trimming may be 
obtained by contacting the factory. 


Visual Inspection 


Dice are 100% visually inspected in accordance with MIL- 
STD-883, Method 2010 Condition B. 


Chip Dimensions 


Chip dimensions are as indicated on individual dice data 
sheets. Tolerance is +1 mil. Chip thickness ranges from 


ni ] \R DICE PRODUCTS 


12 mils to 20 mils, depending on product type. Bond pad 
dimensions are 4.5 x 4.5 mils. minimum. 


Topside Passivation 


Linear Technology products are passivated with a two 
layer system: A proprietary deposited oxide gives a crack- 
free conformal coverage of metal and oxide steps. A 
plasma nitride overcoat protects the die from ionic con- 
tamination and scratches during handling, testing and 
assembly. Note that LTC uses fuse link and zener zap 
trimming techniques which require windows in the passi- 
vation over the trim points. This passivation system is a 
major contributor to the extremely high reliability demon- 
strated throughout millions of device-hours of accelerated 
testing of LTC devices in plastic and hermetic packages. 


Topside Metallization 


The metallization is a minimum of 11,000 A thick unless 
otherwise specified. The quality of the metallization step 
coverage is monitored via a weekly SEM inspection per 
MIL-STD-883, Method 2018. 


Backside Metal 


Most dice product backsides are coated with an alloyed 
gold layer. There are some CMOS products with no back- 
side metallization. In addition, some voltage regulators 
may be specially ordered with a chrome-nickle-silver 
(Cr-Ni-Ag) backside layer. Contact LTC for details on this 
type of backside layer or to inquire about availability of 
LTC products with a particular backside metallization. 


Backside Potential 


Linear Technology products are junction isolated. For 
proper operation the backside must be electrically con- 
nected to the most negative potential seen by the IC (for 
bipolar products) or the most positive potential (for CMOS 
products). This information is also given in the individual 
dice data sheets. 
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DICE PRODUCTS 


Packaging 


Dice are packaged in compartmentalized waffle packs for 
ease of handling and storage. Each waffle pack contains 
100 dice. Special packaging methods are also available by 
contacting the factory. 


Quality Levels of Dice Shipped 


Each dice lot is guaranteed to meet the following 

requirements: 

¢ Internal visual per MIL-STD-883, Method 2010 
Condition B: 1.0% AQL Level Il. 

® Electrical: Due to variations in assembly methods and 

- packaging techniques LTC does not guarantee elec- 
trical specifications after assembly. When a determina- 
tion as to the finished product assembly yield is needed, 
the lot acceptance testing available at extra cost should 
be pursued. 


Reliability Assurance 


In addition to the more conventional reliability audits per- 
formed on finished products, LTC has innovated a unique 
periodic wafer fab reliability audit using a specially de- 
signed reliability structure that is stepped into all wafers. 
The test structure is optimized to accelerate the two 
primary failure mechanisms in linear circuits, namely mo- 
bile positive ions and surface charge-induced inversions. 
This provides a continuous monitor on the reliability per- 
formance of LTC’s wafer fab processes and provides 
immediate feedback to wafer fab typically within one 
week. 


Electrostatic Discharge (ESD) Precautions 


Precision linear devices, especially those with very low 
(pA) input bias current levels and low (<50 microvolts) in- 
put offset voltages are susceptible to shifts in electrical 
performance and ESD damage as a result of improper han- 
dling. LTC recommends that ESD precautions, such as 
grounded conductive work stations, grounded conductive 
wrist straps and grounded equipment, be taken to prevent 
ESD damage. 


ORDERING INFORMATION 


Dice may be ordered by the part number defined in the 
dice data sheet. Minimum direct dice order, per delivery, is 
1000 pieces or $5,000, whichever is greater. In some cases, 
tighter parameter selections than indicated on the dice 
data sheets can be obtained by special order. Please con- 
tact the factory for details. 


Lot Acceptance Testing 


Lot acceptance testing (L.A.T.) based on sample assembly 
and testing is available at extra cost. Sample sizes and ac- 
ceptable electrical test limits vary from device to device 
and must be negotiated at the time of quoting. Contact the 
factory for details. 
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ANI 


AN2 


AN3 


AN4 


AN5 


ANG 


AN7 


AN8 


) TECHNOLOGY 


Understanding and Applying the LT1005 Multifunction Regulator 
This application note describes the unique operating character- 
istics of the LT1005 and describes a number of useful applica- 
tions which take advantage of the regulator's ability to control 
the output with a logic control signal. 


Performance Enhancement Techniques for 3-Terminat 
Regulators 

This application note describes a number of enhancement 
circuit techniques used with existing 3-terminal regulators 
which extend current capability, limit power dissipation, provide 
high voltage output, operate from 110VAC or 220YAC without the 
need to switch transformer windings, and many other useful 
application ideas. 


Applications for a Switched-Capacitor Instrumentation Building 
Block 

This application note describes a wide range of useful 
applications for the LTC1043 dual precision instrumentation 
switched-capacitor building block. Some of the applications 
described are ultra high performance instrumentation amplifier, 
Jock-in amplifier, wide range digitally controlled variable gain 
amplifier, relative humidity sensor signal conditioner, LVDT 
signal conditioner, charge pump F to V and V to F converters, 
12-bit A to D converter and more. 


Applications for a New Power Buffer 

The LT1010 180A power buffer is described in a number of use- 
ful applications such as boosted op amp, a feed-forward, wide- 
band DC stabilized buffer, a video line driver amplifier, a fast 
sample-hold with hold step compensation, an overload pro- 
tected motor speed controller, and a piezoelectric fan servo. 


Thermal Techniques in Measurement and Control Circuitry 

6 applications utilizing thermally based circuits are detailed. 
Included are a 50MHz RMS to DC converter, an anemometer, a 
liquid flowmeter and others. A general discussion of thermody- 
namic considerations involved in circuitry is also presented. 


Applications of New Precision Op Amps 

Application considerations and circuits for the LT1001 and 
LT1002 single and dual precision amplifiers are illustrated in a 
number of circuits, including strain gauge signal conditioners, 
linearized platinum RTD circuits, an ultra precision dead zone 
circuit for motor servos and other examples. 


Some Techniques for Direct Digitization of Transducer Outputs 
Analog-to-digital conversion circuits which directly digitize low 
level transducer outputs, without DC preamplification, are 
presented. Covered are circuits which operate with thermo- 
couples, strain gauges, humidity sensors, level transducers and 
other sensors. 


Power Conditioning Techniques for Batteries 

A variety of approaches for power conditioning batteries is 
given. Switching and linear regulators and converters are shown, 
with attention to efficiency and low power operation. 14 circuits 
are presented with performance data. 
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AN11 


AN12 


AN13 


AN14 


AN15 


ANI6 


AN17 


AN18 


APPLICATION NOTES 


Application Considerations and Circuits fora New 
Chopper-Stabilized Op Amp 

A discussion of circuit, layout and construction considerations 
for low level DC circuits includes error analysis of solder, wire 
and connector junctions. Applications include sub-microvolt in- 
strumentation and isolation amplifiers, stabilized buffers and 
comparators and precision data converters. 


Designing Linear Circuits for 5V Operation 

This note covers the considerations for designing precision 
linear circuits which must operate from a single 5V supply. 
Applications include various transducer signal conditioners, 
instrumentation amplifiers, controllers and isolated data 
converters. 


Circuit Techniques for Clock Sources 
Circuits for clock sources are presented. Special attention is 
given to crystal-based designs including TXCOs and VXCOs. 


High Speed Comparator Techniques 

The AN13 is an extensive discussion of the causes and cures of 
problems in very high speed comparator circuits. A separate 
applications section presents circuits, including a 0.025% 
accurate 1Hz-30MHz V to F converter, a 200ns 0.01% sample- 
hold and a 10MHz fiber optic receiver. Five appendices covering 
related topics complete this note. 


Designs for High Frequency Voltage-To-Frequency Converters 

A variety of high performance V to F circuits is presented. 
Included are a 1Hz to 100MHz design, a quartz stabilized type 
and a 0.0007% linear unit. Other circuits feature 1.5V operation, 
sine wave output and non-linear transfer functions. A separate 
section examines the trade-offs and advantages of various 
approaches to V to F conversion. 


Circuitry for Single Cel! Operation 

1.5V powered circuits for complex linear functions are detailed. 
Designs include a V to F converter, a 10 bit AD, sample-hold 
amplifiers, a switching regulator and other circuits. Also 
included is a section on component considerations for 1.5V 
powered linear circuits. 


Unique IC Buffer Enhances Op Amp Designs, Tames Fast 
Amplifiers 

This note describes some of the unique IC design techniques 
incorporated into a fast, monolithic power buffer, the LT1010. 
Also, some application ideas are described such as capacitive 
load driving, boosting fast op amp output current and power 
supply circuits. 


Considerations for Successive Approximation A--D Converters 
A tutorial on SAR type A-D converters, this note contains 
detailed information on several 12-bit circuits. Comparator, 
clocking, and pre-amplifier designs are discussed. A final circuit 
gives a 12-bit conversion in 1.8us. Appended sections explain the 
basic SAR technique and explore DAC considerations. 


Power Gain Stages for Monolithic Amplifiers 
This note presents output stage circuits which provide power 
gain for monolithic amplifiers. The circuits feature voltage gain, 
current gain, or both. Eleven designs are shown, and perform- 
ance is summarized. A generalized method for frequency 
compensation appears in a separate section. 
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AN19 


AN20 


AN21 


AN22 


AN23 


AN24 


LT1070 Design Manual 

This design manual is an extensive discussion of all standard 
switching configurations for the LT1070; including buck, boost, 
flyback, forward, inverting and “Cuk”. The manual includes 
comprehensive information on the LT1070, the external compo- 
nents used with it, and complete formulas for calculating 
component values. 


Applications for a DC Accurate Low-Pass Switched-Capacitor 
Filter 

Discusses the principles of operation of the LTC1062 and helpful 
hints for its application. Various application circuits are ex- 
plained in detail with focus on how to cascade two LTC1062’s 
and how to obtain notches. Noise and distortion performance 
are fully illustrated. 


Composite Amplifiers 

Applications often require an amplifier that has extremely high 
performance in several areas. For example, high speed and DC 
precision are often needed. If a single device cannot simultane- 
ously achieve the desired characteristics, a composite amplifier 
made up of two (or more) devices can be configured to do the 
job. AN21 shows examples of composite approaches in designs 
combining speed, precision, low noise and high power. 


A Monolithic IC for 100MHz RMS-DC Conversion 

AN22 details the theoretical and application aspects of the 
LT1088 thermal RMS-DC converter. The basic theory behind 
thermal RMS-DC conversion is discussed and design details of 
the LT1088 are presented. Circuitry for RMS-DC converters, 
wideband input buffers and heater protection is shown. 


Micropower Circuits for Signal Conditioning 

Low power operation of electronic apparatus has become 
increasingly desirable. AN23 describes a variety of low power 
circuits for transducer signal conditioning. Also included are 
designs for data converters and switching regulators. Three 
appended sections discuss guidelines for micropower design, 
strobed power operation and effects of test equipment on 
micropower circuits. 


Unique Applications for the LTC1062 Lowpass Filter 

Highlights the LTC1062 as a lowpass filter in a phase lock loop. 
Describes how the loop’s bandwidth can be increased and the 
VCO output jitter reduced when the LTC1062 is the loop filter. 
Compares it with a passive RC loop filter. 


Also discussed is the use of LTC1062 as simple bandpass and 
bandstop filter. 
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Switching Regulators for Poets 

Subtitled “A Gentle Guide for the Trepidatious”, this is a tutorial 
on switching regulator design. The text assumes no switching 
regulator design experience, contains no equations, and re- 
quires no inductor construction to build the circuits described. 


Designs detailed include flyback, isolated telecom, off-line, and 
others. Appended sections cover component considerations, 
Measurement techniques and steps involved in developing a 
working circuit. 


A collection of interface applications between various micro- 
processors/controllers and the LTC 1090 family of data acquisi- 
tion systems. The note is divided into sections specific to each 
interface. The following sections are available: 


Microprocessor! 

Number AID Microcontroller 
AN26A LTC1090 8051 
AN26B LTC1090 68HC05 
AN26C LTC1090 63705 
AN26D LTC1090 COP820 
AN26E LTC1090 ™MS7742 
AN26F LTC1090 COP402N 
AN26G LTC1091 8051 
AN26H LTC1091 68HC05 
AN26I LTC1091 COP820 
AN26J LTC1091 TMS7742 
AN26K LTC1091 COP402N 
AN26L LTC1091 HD63705VO 
AN26M LTC1090 TMS320025 
AN26N LTC1091/92 TMS320025 
AN260 {TC1090 2-80 
AN26P LTC1090 HD64180 
AN26Q LTC1091 HD64180 
AN26R LTC1094 TMS320C25 


These interface notes demonstrate the ease with which the 
LTC1090 family can be interfaced to microprocessorsicon- 
trollers having either parallel or serial ports. A complete 
hardware and software description of the interface is included. 


A Simple Method of Designing Multiple Order All Pole 

Bandpass Filters by Cascading 2nd Order Sections 

Presents two methods of designing high quality Switched 
Capacitor bandpass filters. Both methods are intended to vastly 
simplify the mathematics involved in filter design by using 
tabular methods. The text assumes no filter design experience 
but allows high quality filters to be implemented by techniques 
not presented before in the literature. The designs are 
implemented by numerous examples using devices from LTC’s 
Switched Capacitor filter family: LTC1060, LTC1061, and 
LTC1064. Butterworth and Chebyshev bandpass filters are 
discussed. 
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AN28 


AN29 


AN30 


AN31 


Thermocouple Measurement 

Considerations for thermocouple based temperature measure- 
ment are discussed. A tutorial on temperature sensors summar- 
izes performance of various types, establishing a perspective on 
thermocouples. Thermocouples are then focused on. Included 
are sections covering cold-junction compensation, amplifier 
selection, differential/isolation techniques, protection, and 
linearization. Complete schematics are given for all circuits. 
Processor based linearization is also presented with the 
Necessary software detailed. 


Some Thoughts on DC-DC Converters 

This note examines a wide range of DC-DC converter applica- 
tions. Single inductor, transformer, and switched capacitor 
converter designs are shown. Special topics like low noise, high 
efficiency, low quiescent current, high voltage, and wide-input 
voltage range converters are covered. Appended sections 
explain some fundamental properties of different types of 
converters. 


Switching Regulator Circuit Collection 

Switching regulators are of universal interest. Linear Technology 
has made a major effort to address this topic. A catalog of cir- 
cuits has been compiled so that a design engineer can swiftly 
determine which converter type is best. This catalog serves as a 
visual index to be browsed through for a specific or general 
interest. 


Linear Circuits for Digital Systems 

Subtitled “Some Affable Analogs for Digital Devotees,” 
discusses a number of analog circuits usefut in predominantly 
digital systems. Vpp generators for flash memories receive 
extensive treatment. Other examples include a current loop 
transmitter, dropout detectors, power management circuits, and 
Clocks. 
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AN34 


High Efficiency Linear Regulators 

Presents circuit techniques permitting high efficiency to be 
obtained with linear regulation. Particular attention is given to 
the problem of maintaining high efficiency with widely varying 
inputs, Outputs and loading. Appendix sections review com- 
ponent characteristics and measurement methods. 


Converting Light to Digits: LTC1099 Half Flash 8-Bit A/D 
Converter Digitizes Photodiode Array 

This application note describes a Linear Technology “Half 
Flash” A/D converter, the LTC 1099, being connected to a 256 
element line scan photodiode array. This technology adapts 
itself to hand held (i.e. low power) bar code readers, as well as 
high resolution automated machine inspection applications. 


LTC 1099 Enables PC Based Data Acquisition Board to 

Operate DC-20kHz 

A complete design for a data acquisition card for the IBM PC is 
detailed in this application note. Additionally, C language code 
is provided to allow sampling of data at speeds of more than 
20kHz. The speed limitation is strictly based on the execution 
speed of the “C” data acquisition loop. A “Turbo” XT can 
acquire data at speeds greater than 20kHz, Machines with 80286 
and 80386 processors can go faster than 20kHz. The computer 
that was used as a test bed in this application was an XT running 
at 4.77MHz and therefore all system timing and acquisition time 
measurements are based on that the 4.77MHz clock speed. 
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